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(j£^ Sj^-wJl £jA jd^Jl ^JllA (jl jS""Jj (j! 0*)b <L»J-^J 0^1£.ll> 

• 3 ds max sb-A j OpenGL J-p L^C*j^j ^.Lj 35 wLojjj’ 

lJu liU 
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,4-ja^wUAI L*Jl ^-w*j J ob^I-kb J jjlkl ^di! Jl^ jg 1) dkJjt) ■ 

. OpenGL —! Hi\ ^il j>klj !j^l&l J^p Ijl^ dJbJl J^iJl » 
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a-uA j OpenGL 3 Fonts J?jAA ^j vA ^liil JwAl dAA ■ 

.Images jj^Ai Aa 

^il j AjI yidb j-v^Llp £.L^5^ <lJAp j^>-^ ^ jdu * 

,A-JLJL>* ^r«yg" d-w^r 
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. v dJi 3 ** j 'jfi olij-JAJ a^jJi ^j-Al y: :Applications * 

. 3 5 ^jljJi AA) aASU AA^' c/ 5 ^ > 4 :Examples ■ 

A tc-~o AA*j .OpenGL _S a*A^ olAA oliU (jj£ '.Files ■ 

. JjVI a!1 3 ^ 3 j^ Ji u-*-^lA jlAil 3 ^ * d *jj obllil 

.OpenGL y, ^A*-* V oliiii A 0jA j 
AAA .OpenGL —> is>y^A\ j^Ai ^ ojAI :Pictures * 

.OpenGL olJt^A Ai jj-A^ { ^y> Aa« 

4jUx^*yi didr diLisi aj jtdi j> U?al^l IJla tjyZ : Projects ■ 
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£* OpenGL ^j j ?*.J 5-LjJ! ^jjJl ^ -u-uJi ^j4 : Tutorials • 

• (j-J a AjJ^iSOVl 4*JJb ^/9 &A ^ 

t jC‘LgJ*-jJ U^Jlj>- J^Ssj jlj ^ t-JtijJ jl J ^jLSJi 4 j ^ijj j! ^LftJ dJGl ^prji 

. jj^iLjtJl u^Jj aA) l)I Ul j^O ^p^ij • UJi3jj <jlj 
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5 OpenGL ^ U 

jiiit oL* y*J\ a^Sb (Open Graphic Library) OpenGL ^ 
ojlp js 4^r!s ji* . oL»^Jb a^UU hardware olj*^d! ^ ^Lprlj 

4 j oLwU^Jlj j^UJi wbJ j>o oL>j-**jJl iiii ^o-w*J 3JI jiJl olx® 

1 ^xli d«-L& 4 JLp 4 j J ^ IXjV 

. ^ ^ ^ ^^ Li*£ bjj tii-i^-i c Ja-ow-o 

^wb>tls^ l)IS^ 3 3^*- j^p OpenGL ^-*3 ^ 

. ^>-b ^ (j^ilx^- 

V^t 1*0*1* OpenGLy^u 

. cj\j^s^S\ (£ ^ 1 p ^IxjVI 3^ Lwj-^ 1 OpenGL ^^bSJ • 

3 oLSlJl 3® 3 ^j>e-s^ 4 -^ 5 ^ oJjfc Ll«H 3 <—j oLxJ^xli . 

dr 4 ^ 1 3 dpL^V^J 4 -^JjjU 3 ®jJl 

.OpenGL_i ajuIx!) £,L*b^yij o*)L^>&i!ij oLL^pj 

^ LJ bLl 3»jJl 3 3^ a-J>L oljuliJi OpenGL • 

, 4 -LoJc^- 


ol jj\j j %^\Ju olj-j^tiii 3 ^Lp OpenGL ^• 
asL> 1 dlb ■ l5 1p JtUfTj .pbSfi jutiJl Jj^ jj^ii j! 2^t>- 

^Tl 3 j AbLLi j aS”" iiLp j j JJLs^ J ^Li b Li 3 ®jJi 3 

cx L£ jJI (Jl^- 3 (*zj 3 L^jj I OpenGL 

. oi j-fadJlj 
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^ 4 jJl Uljil J«»L)cJt OpenGL_! aJ^ull oLdiiJ! • 

cL-LS-iJ .OpenGL ^Lijt j_lp aij^j^* ^ olj-^pstOi j 
^liul plil ^1 p d-Ll Lajlj j j5\7 01 

. oljj^stiJl LprjJ jjl^sJ jj jaj OJjI-aII j 

4-aio£ Jjidj ^ip OpenGL JuU • 
OpenGL Lsti 1 j oLtjJfi j JJLi aJj,^<,^o j ^Ut...t • 

^ <^1 tJ^JJ alls OpenGL olLja; !JLa> j .^V J-i-SJ (*l^ 

.OS/2 j Linux j H/Znc/ows Jt* ub£ Jjtju; a^l 

5 OpenGL £tt 

1 ^.LO'Vl aL*jV! a^j^L ^Ji 0 *?j 4^*^Jl c^LJl^-^Vl jyXj 

vj—j frLio*^ SGI £» Microsoft c_L-p Jij t Microsoft Windows -UL0- 

L$l*»- J sl& ^ Microsoft 4^Ua» ( OpenGL) 3D aj%‘ 

3-/S ji j^lp J ^ jJiaJCa SGI 42x1*2^ 01 t oUa^ (3 J*# 0 
Render v^il Microsoft as'^ c~*oi . J-i <jfj~» J_»pjJ 

Application ) >4PI oLLa a^-tj a^<C« ^ «jLp H ^ ® »Ip Morphies 

JSdiJj ( 5 jj5j ^ a_^a^<0) ^lOSU (Program Interface 

. vertices -WUJl -uj>j ^ 0^ diLc O ak >‘0ls . OpenGL 1 a~~jj *p 

5 OpenGL -i ft S c t L 

Architecture Review Board) ARB JJ ^ OpenGL a^ cw 
^xP Aj^LS 3D *a^LJU^ < .> " g 1 - Clots'^-iO AP mj >; ^*p a^Op a ^OpenGL 

. 4jlL^ ^ J ^Avlo 4 a jU i i J ap 
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Silicon Graphics ) SGI j Microsoft ARB j* c~L s- 

cJu»- oij ^ *i j*U ^ OpenGL l§Uu £* ( Incorporated 

. ARB —S a^UaJI OpenGL 

U~ OpenGL apI*j- ^ OpenGL —! 3jjjc oL*U y> -Ur 

.OpenGL ,j* U~Gr oUS' U 2 ^j*>lU ^jUj OpenGL L!j-« JjjJ 
i y^ jLflj ^ixJj OpenGL <3jjL>- ^Lp L» J 4^^111 ^ys >^wbwo 

{ jpj>vj 3 ^ u-c OpenGL —S 4 jl ^xu* 

.OpenGL UI 3 * £*xxls Lajup 

$ OpenGL ^ JuS 


GDI oL« 


<Lpr>J 


j <L4 Lx^« 


OpenGL 


*Jlp\ aj&Ap Jaii diH ^ ( Graphical Device Interface ) 
US" jji 3 J 1 GDI32.DLL AA ;LxU j GDI j , LgJu^JLP 

^ j\^ 4j^) 13^^*3 ^ k*S ^wL>sJUvj ^ GDI 4ji*k^ ^pUjLww 1 

o^Lx^w* diL *Xxp c OpenGL ^Lp^xx^I ^Laj L3S" . ^ 4^» 

JuU ouT JUi jSkLl ^ . 0penGL32.DLL j GLU32.DLL A-*M' AA 

, 4dLxJi ^1 p ^34uI kLfij ^j*p> ^ 5 *- (3 u«^kIp-ixu^VI 


APPLICATION 


OpenGL DLL 


OpenGL 
intailabie 
client Driver 



Disply Driver 
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4 *^ ( Application Program Interface) API oli~jsdt a^Ij 
—S f-U" • ( \ 0 * cs* j OpenGL —I 

. oliUaj £>» ^1 j oujUJl OpenGL 

OpenGL jaSc^S Ajum 

y gl aj^LJI joJ ) y*^\ Ljjl* 3iUxil joJ aj^U OpenGL 
JS" ajIjJ IjS US" t ( openg!32Jih 

. glClearColor y>S/l uJj; uis" 
6 GL aJLUJL OpenGL ^3jUJ cU1 ~uj 

GL __ COLOR_ J** Lg-U*j ^ oUKJl Underscore n _ n uLuJl a^^ iJl 

. BUFFER^BIT 

Ju U->- c glColor3f() <j J^ 4 s-U'l ^1 UUU t_3UaJ 

■^•Apl ^j - 4 UjU jJl j! ^ip J J-J f ^Ul j- 4 ^ UjUj Aj^>L> ^^Lp ^ jt-^^ 

. Ai-b^- UjUj a ^>- OpenGL jUjl . ujLp aU?U 

i UlUjJl oUU jjl l3jJ jjU-l 


OpenGL -j £.>31 <-Lj*j 

c A*L JilaJI 

dUlufl £ ji 

uijaJl 

GLbyte 

Signed char 

8 Bit ^ 

b 

GLshort 

short 

16 Bit 

s 

GLint, GLsizei 

Long 

32 Bit -^p 

i 

GLfloat,GLclampf 

Float 

32 Bit UjU <Uali 

f 

GLdouble, GLclamped 

double 

64 Bit Udlc iL-ali 

d 

GLubyte, GLboolean 

Unsigned char 

8 Bit 

ub 

GLushort 

Unsigned short 

jjc. *s-> 

16 Bit 

US 

GLunit, GLenum, 
GLbitfield 

Unsigned long 

JJC. ^Jua 

32 Bit jAy* 

ui 
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JjSfl of lop oT»l£> glVertex2f(l.0,3.0) j glVertex2i(l,3)b\yH\ 
iUtfli jjjliJl L»l 32 bit JjJsj j Lop IS" AjaJhll oL^la^O 

01 J,l j> 0 o (y) Ijotf li OpenGL y>\ jf i^-fc of yxj: . 4iuJl SjiU-f WIp 

j^IjVI OpI . 4-Lwm-L^ y* VOj .x-Oi^ y* 3i j e . ft a jl jy-i y*Vl 

. 0jOj jl \/ LiLojCUO /^vjr 

^btO> 0 jOjj ^Isui ol^S" c~c 0yUl OjJ^xl] y»l jA ^OJl Jlill 

glColor3f(l.0,0.0,0.0); OjOj 


float color_ array[ ] ={1.0,0.0,0.0}; L 

glColor3fv( color-array); _J 

P= #5 

c saL Ujy> o-S" lii voidj* Voj GLvoid c~>li)l OpenGL -0yj 


4)^ ^ OpenGL 

* „ j,p 

0 jiit ^j-fij L 4 Sjjli* ^JLJ l5 OpenGL y 

s. t t. * 

^ ^ ^ 4 -Jj ^nJ 1 It 6 4 iL>- JU-l 

. j>-1 U(J^>dii 01 0jJJl iJjfe .Axj doLol^Jl 


J? ^JgSdl ^iLojJlj j^Jg..llj ^JbLl oV 




. obJ-*ail y**j J^LcIj ol*J-*ailj 


^^ L^Lkxj jl l^-L*io J^lil J,] 4JU-I 


. g I Disable () j glEnable( ) 

C-^ 3 j <■ 4 -w^l 4 -**S ^JU>- idJili*. 

! 4*Jbd! wL>-i A}^^\y 4-Jl^-l ^Lg^usJl 

• glGetBooleanv( ) 

• glGetDoublev( ) 
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1 o 

• glGetFloatv( ) 

• glGetIntegerv( ) 

.***> ^>\ oLja*4 ^y bil jLxpI 

3j^w-iJj aJU-I oVj^sX* 4P^_i Sibcu-Ij jjj-i LbaJ ^^SoT 

• < ji ^Ib 

• glPushAttrib() 

• glPopAttrib ( ) 

OpenGL uUlSUl 

ob fj^J\ JTj c _^dI yljf ^ 3jjt Aji APj^si OpenGL iSy£- 

. t-Li-j oi <h—-^5 iS 

j OpenGL ^Ip ajIiSC UL>~l ^ ^ 

• oL^il s*xa $jjj . oljlUVI ^ OpenGL Jl*L*j 

GL ^ 

.Ldljj^xXvw! Uj OpenGL oLxSl* j-^i ( j-* j>x*j 

(JL^2jI ^ « )g ««««■■> . 4*1^11 d*XA ^*ijl ^IwLa 

4^X$vli dU-A jA Ijl , I Jp^-Lil (JtAg 1 - ^jA 4U$sil a Aa jA Ijl ^-oJr ^j-sX ^Lp 

.^M—UjI yLb ^L^VIj o^L^VIj oMj j^JaJj ^ww-JuAl ^L*Jl 
dlA j* aJj^II oliiil .g! aj^UU a^S\ &jj* ( ) y\^ fj^j 

• Visudl C++ 6.0 4*J 

OpenGL32.dll Jdil • 

. W/ndovvs J^-^i f U*J System Jil^l 

OpenGL32.lib ^lil • 

J 4*^1 dJij jJi l*i-A JLj j 2JLLJl 4*JJ ^LJl lib JlUt! 

•lt’ 5 'j 1 ^ ^ L^J| 4iiL>V V 
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GL.h u&\ • 


j aixLJi iA jJ! 3jeJU ^jU]i include aUM j^-v 5 GL aL4i 

.4*1)1 ^ UajS lj-& jl 

(OpenGL Utility Library) GLU . Y 

5jlj 8/" jt-xxj jji* Ajjlxii { y*~*s£ OpenGL ol^A^- au^* 

•£_'••• 8jjx^> jAJ J J 

;aaS\J*I sAft c->LLL« j .glu aj^LJL aa^II sAft j *Ijl Iaj 

Glu32.dll • 

. Windows JaaJi ^UsJ System a!4i ^jj 

GIu32. lib • 

.Lib aLM j VC++ jiji 

Glu.h • 

. include\gi aL4i a a j VC++ aaJ ^ 

.AAX)l eAft julj! " i_j " 


(OpenGL Utility Toolkit) GLUT .T 

, aa OpenGL _5 Ajylj <Lw«a^“ aA^.81 ap^-*^- 8^Lp 

j iugi! aa£1i e a* ^asa^a* j ^aa j J^x aa^Ii eAft ^IaaaxI .Mark Kilgard 
. aa^II aAft j* ! *j\ ^ 'f** * 8 Aft Liu, ^ uulftAJl ^_|L-: ■ -, i .OpenGL ^LiA 

:aaSs!I ajjft aJJl! ajLLIII .glut AxiUL aa£1! sA* jA jl ^aj 

glut32.dll • 

. Windows Ja^SI (“U^J System a14i jA aaj ^ 

Glut32.dll • 

. 1/C++ 6.0 a^^xJ 1 ' a*JJ lib a!4i 4*+p 

Glut.h • 

.inciude\gi aUi 0 a al 
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(Auxiliary Library ) AUX . t 

L*j j JbwUil ®*Xa jj 

d^S"* , Solid 3 ?***,&* ajLj)oj ji wire 4JL 

. *U^LU S-L& j^ljl jf \p-*- A $ J^tlil . (J, j >-1 j-v£?LlPj J^j^^-j Aji^ja^lj (*_^*5b*j 

: 4^$lil aJifc ^ 4 Jjj^J,i oliLii . aux ^LoUL 4^1! aJu* y \ji Ltj 

GIAux.lib • 

. Lib 1/C++ 4*J ^ 

GIAux.h • 

. inciude\gi jMi j i/C++ **J ^ 


yjob . OpenGL £u>r>j jujuiJ ^uj5>^ AqjLluJI olaJLoJI 
3 VC++ 6.0 cL-Jto^JI cL_a) g^o oLaJLoJI 0-L-& 

cLsJi 3 CjiSjJI >*33iJ 3 .Oj^XJI QJO qJLuOJ^J /ki; 

Files jJL^oJI v.s^-3 0 UJL 0 JI oi ^ g_^oj> Ls __^3 ,x L9 

.^LlSJI I Ju& gjo CSjjAi\ ^yD^jjJI *JjCW 3 gJoC^JLoJI 

uLSuoJI uSv-3 lp.^,.^3 3 oLdJLoJI dUb guwj^J gjiai-juu-i 
_ AqjLuJI 6jjLoJI U^UJO 3& LcxS LgJ *ji_ 


4 ia^U 




OpenGL galjj Il&u} Visual c+*2«jJ! ^ 4U&j 

i OpenGL ^tV- wUjLj j 4jIj^J \/isu 3 l —h a^'* 

.Li S.ygjil 4jLL*Jl oliill ^e-whJi . ^ 
j>»Vl j File JJ&l ^ Visual C++6.0 <*$ 

sJo- .New ^iiJJi .xip j-giaj .New 

(*—i v^ 1 f Win32 Console Application ^ Projects 

iOs- j Project Namejy^ ^^(application! 1 y&* ) 

: JUil JSLdJl (3 uy?* j* Location Jaji>- 




in32 Console Application - Step 1 of 1 



What kind of Console. Application do you 


Hii! 


'.■& Ifrn'g rtPfr ptcjedj' 

A simpie application. 

A "Hetto, Wortefl" application, 

F' An application that supports MFC. 


i JJ&i . OK ;s.LxJVI j\ y>- ^ j/> tiJJi Jjt; j 

-jJ 1 \/C++ jU»l ^ J ijsrjii Workspace olj^Sfl 

iu jw. US' Source Files aL£i L^. ^_b-j FiieView 
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-liW 


Workspace 'applicationl 1 1 p 
IP applicationl 1 files 

a Source Files [ 

Header Files 
"i Resource Files 




1 g ClassView | i g\ FileView ] 


Lj-u j&Aj File s^JUil Ji Jut . Source Files Ji C++ cil* oVt 

oiLJj Led C++ Source File F/'/es J| JU f New 

. Ok jjt Jot f (al 'te*) File name Ju u 




?i xj 


Files j Projects | Workspaces J Other Documents j 


H Active Server Page 
Binary File 
Bitmap File 
C/C++ Header File 


bF Add to project: 


I applicationl 1 




Cursor File 
t®j HTML Page 
|P|lcon File 
Macro File 
Jlflp Resource Script 
Resource Template 
[H SQL Script File 
Hi Text File 


yCgcati 

+j ~E: \iaj r »d\books''-.0 PE N G LA 1 


. (_jdil IwLfc ij-o-A I ‘-"I F . Ui kj^TjJl ySy&X il 


Project koiliJl Jl JUsV'-: dUS j OpenGL oUSJ -k;jl .T 
jut .Project Settings /h y die -cp .Settings jUM s-Ut ^ 

k>Lb j j Object/library modules j-U- U) Link Ji 

US' oU£iii ^u-i ( Kernal32.lib JJ) Ja—it 
Opengl32.lib glu32.lib glut32.lib glaux.lib 

idilS JUil J^vdjl (j>s! 



OpenGL 


V . 


Project Settings 


Settings Far: j Win32 Debug 


If applicatronfl- 


General J Debug j C/C++ Link J Resource QJTj 

Category Beset I 

Output file name: 
jDebug/applicationl 1.exe 

Object/library modules: 

piip e ri gG2jib^1u327nb^Tut 3 2 J ib^"g]a uw .ll^ke^els 2 _li^Tj$e732^ 

& Generate debug info f~ Ignore at! default libraries 
V Link incrementally P Generate mapfile 
P Enable profiling 
Project Options: 

: openg!32. lib g!u32. lib glut32. lib glaux. lib kerne!32. lib 
user32.lib gdi32.1ib winspool.lib comd!g32.lib ” 

: j advapi32. lib she!!32. lib ole32. lib oleaut32. lib uuid. lib 


OK 


Cancel 


.OpenGL 4ju$sJ Sjj&U*- . ok jjil liJJi JL il 

OpenGL jlbj 

j^i (Ji jJi jL^I j OpenGL -UaJ ^ ^>- 

^«Ujj djJLaJl ^j-jJ . ( ^cJU ) oUj*-jJl fciJJlJ 

oL ^j ^yd jJl \x& y* j (.OpenGL jU?l 

Glut .(... ^.L^S^I j S*U>^1S" ) (j UljJb j OpenGL 

Ij-ft jJtu l*A*J J .lJj& ji 

Ui'" /wJl headers c^Ls-L* y& 


#include <windows.h> 

#include <gl\gl.h> 

#indude <gl\glu.h> 

# include <gl\glut.h> 

iOpenGL £ ^J <^aJl redraw ^ dili -w ^^ 


.ajLJI l*L& /j OpenGL 


? t - a \ j 


* . * xi 


sfaf/'c void redraw(void); 

.main ja j C++ AiJ J _^l dUS Jj*j Uj 
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int mair>(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB \ GLUT_DOUBLE | GLUT_DEPTH); 
giutInitWindowPosition(100,100); 
glutlnit Windo wSize(400,400); 
glutCreateWindow("My first GLUT program"); 
glutDisplayFunc(redra w); 

l j&y argv Jic <3 j) »jj^\ JaJL-jJ) .sjip j^LJl argc Jit ijj£ 

(^JJi glutlnit Jl jj£ ol j£jL\ »1 a jLio jii; *y .argc J,] 

.Glut M 


Id* Jai glutInitDisplayMode( ) 

i JifL^ jJl Jp * 

jU^I RGB d IjJV buffer lf\* \GLUT_RGB 

• L>i 

■ Double :GLUT_DOUBLE 

Oj-bi- aJLwujI jJ! f ( j>> 5^5^1 jjl Lu^jT 

ala .Ujltl Jl fcij* \/\z :GLUT_DEPTH 

) jlifl'yi £ty. giutlnitWindowPositionQ Lrti 1 

) jlisVl jUj! glutlnitWindowSizeQ W t (jU?*>U x,/ 

• ( 

c^jJi jUs^l glutCreateWindow ( ) 

dJJi (j-Jai- .( redraw ^bJl ) ^^1! glutDisplayFunc ( ) 



OpenGL qa jaaJ) 




. 4_Jv‘ LovjJ 1 j !j^liCii y Ojwbxd c Projection matrix } a» 

.J^ajLa JixLo V j Jj_ pcJl !4 a y- <L>Jj>cZ^ 

* 43 j & ^ ^ ddjk ^LlSl cj^i 

glMatrixMode( GL_PROJECTION); 
giuPerspective(45,1.0,10.0,200.0); 

SjLp ^ j .modelView 4i yu^s, 4jiLJl ajjA *ail 

oLjiwb-| ( ^JLJLi-1 r L^iJ l y \JukiA aj» ^il J^Uaiil J 4^4 jA^l* 

^jLx]| V j"j, L^jlp oA^cJLu^ ^ !jy»lSsJlj jjLo 

J>Lio Glut jLW! jL^l jl/u] glutMainLoop( ) 

gIMatrixMode( GL_MODEL VIEW); 

glutMainLoopQ; 

return 0; 

} 

.L$£* j i** J( aJ ^ 2 j j ^uJ-i redraw( ) ^UJl dJ-Si u*j 

staf/c void redraw(void) 

{ 

Lla j^stixJl oL«-Jjtj j-L 5 jJ 

> 

; L« S' jUs*yi ^j*L j> £tj*iA> oJJLj j 

#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#include <gl\glut.h> 

static void redraw(void); 

int main(int argc, char **argv); 

int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

giutInitDisplayMode(GLUT_RGB \ GLUT_DOUBLE \ GLUT_DEPTH); 
glutInitWindowPosition(100,100); 
glutInitWindowSize(400,400); 



OpenGL ^ : JjV) 


nt 


glutCreateWindow("My first GLUT program"); 
glutDisplayFunc(redra w); 
glMatrixMode( GL_PROJECTION); 
gluPerspective(45,1,0,10.0,200.0); 
glMatrixMode( GL_MODEL VIEW); 
giutMainLoopQ; 
return 0; 

} 

static void redraw (void) 

{ 


-E-;-c- 

3I 6^^ ) wj^pAJI cJbd 6uua\JI 
cial LJV9 >ol3 \JI PjLS JUlC ( 
cJbJ <=UujLuJL> Qsdi\ OJLDi u\J «VC+ + 

^Ui-vM a 




ullukj 

. ♦♦♦ 

J J bfe Jwuijj J i jF2JU Sj L5" ^ip 

j Open y\ j) JSCiu ^oL^Lnil Tjlj jl 

:^loULSi Jil ^ jVI ^j coLL^Ui)! 

1) glClearColor( 1.0,1.0,1.0,0,0); 

0 4l£j-U d^iJJi 4 ^uLL>- 0^ <j 

, ^4-Jj-^2J! J^ULlSI jljjJJ AlSjil d^IJJI 

2^) glClearDepth(l.O); 

^y.iz ;j| J-*j ^LS JJlC) d^S^li (j 4-jSja-aj <lowi 

4*o-u2Jl L«l 4-^*r S' ^jS 4*5y*5&5 i 

. 4-J^LJtJi ab^lj 

3) gICIear(GL_COLOR_BUFFER__BIT\ GL_DEPTH_BUFFER_BIT); 

.slJIjLi l-— j^*Jlj jjiiU 2 L^liJ-i buffers /'ljJJ! £***• 

4J glLoadldentityQ; 

. (0/0,0) jS*"^ UwU*j I jj&j 4jwL>-I^Jl ji^il j 



OpenGL Jjb 


Y£ 


5) glTranslatef(-l. 5f, 0. Of,-6. Of); 

Lcjj ^ jA ^jA V S' <u£>UJ! j*s- [S' j£ 

■ j ^ £f_A' u* 

6) glColor3f(1.0, 1.0, 1.0); 

,4jjL p_*»ijljil jV’Udl L*JJ (Jli-I |«_mi jjl O^i 

7; glBegin(GL_ TRIANGLES); 

j *£.JJtSi ^ U ■** ^ JU Aa jli J^ULlJl A>zJ*)l 4j1+ 

.JsULil j~ g xt- jJ GL_ TRIANGLES *)U» 

8) glEndQ; .Uj^^il -UUJi wV 3jli i +4 

9j glVertex2f(0.5, 0.5); 

.!_££■“J il^il JsUJl oLolJb-l JbjJ- 


_ 

iUftJ ^ ijJ J.UaLa> jlffiV OpenGL 

US' application 11 vr\ £jli OpenGL ^ 3 -^ t '+* 

^ t " OpenGL ^y JLiaJ Visual C++ ai+£i " Sj diii c~*-L«J 


; (JjLJI ^jUJ! 0 ^lijJl (3 al.cpp C++ i_j-U y*S> (^Ul! <- r -S'l 

#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#include <gl\glut.h> 
static void redraw(void); 
int main(int argc, char **argv); 
int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB \ GLUT_DOUBLE j 
GLUT_ DEPTH); 

glutInitWindowPosition(100,100); 
giutInitWindowSize(400,400); 
giutCreateWindowCApplication! 1"); 
glutDisplayFunc(redraw); 



OpenGL ^ ‘LsJia : Jji) 


\© 


glMatrixMode(GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode(GL_MODEL VIEW); 
glutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

glClearColor( 1.0,1.0,1.0,0.0); 

glClear(GL_ COL OR_BUFFER_ BIT] GL_ DEPTH_ B UFFER_ BIT); 
giLoadIdentity(); 
giColor3f(0.0,0.0,0.0); 
glTranslatef(-l. 5f, 0. Of,-100. Of); 
glColor3f(1.0, 1.0, 1.0); 
glBegin(GL_POLYGON); 

giVertex2f(-30, -30);//JM~^ a*jijli 

glVertex2f(-30, 30);// l j^Ji a*jl*5! ijLJ! hJ/S 

glVertex2f(30, 30);//h >11 a-W* k 

glVertex2f(30, -30);//j)&~~J} UjLJI 
glEndQ; 

gluts wapBuffers(); 

} 

Build MiniBar 111 i-id! jj i 


OpenGL 


U 


L jJI JLoju\Jb OJl^Luujo 


£uS3 t IJlA gjo J^9 jjoJI Jo^a-iajoJI vsOjjU I 


jJbtjoJI tiJI JLaju\JI fi j applications jJL^oJ! 


.applicationll.dsw uaioJljuL.dDj applicationll 

1 ® 

gjJOjLJuJ. VC++ (JjOub JUlQJulJ 1 jj jyj 


ijj^ Jc^a9 ^s3 ct>3j-uJuoJI olsLuJalJI 


gjutaijuju .jJL^oJl IjlA * <w>LSJl 


, 6j3>JqJI Jux: LfcJj 



uilt (iwjJ OpenGL 

U ^S\ f a2,cpp Utiii is^j appHcationl2 <^1 du)s3 l 

: a2.cpp l y^ JUl yz jJt 

#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu,h> 

#include <gl\glut.h> 
static void redraw(void); 
int main(int argc, char **argv); 
int main (int argc, char **argv) 

{ 

glutlnit(&argc, argv); 

glutInitDisplayMode(GLUT_RGB \ GLUT_DOUBLE \ 
GLUT_DEPTH); 

glutInitWindowPosition(100,100); 
glutInitWindowSize(400,400); 
glutCreate Window("Applicationl2"); 
glutDisplayFunc(redraw); 
glMatrixMode(GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode(GL_MODELVIEW); 
glutMainLoopQ; 
return 0; 

} 

static void redraw(void) 




XV 


OpenGL 5-aJia : JjV) 


{ 

glClearColor( 1.0,1.0,1.0,0.0); 

glClear(GL_ COLOR_B UFFER_ BIT\ GL_DEPTH_B UFFER_ BIT); 
glLoadlden tity(); 
glColor3f( 0.0,0.0,0.0); 
glTranslatef(-20.0,0.0,-l 00.0); 

glBegin(GL_TRIANGLES); // oiiii 


glVertex3f( 0.0, 10.0, 0.0); 

glVertex3f(-l 0.0,-10.0, 0.0); 

glVertex3f( 10.0,-10.0, 0.0); 
glEndQ; 

glTranslatef(40.0,0.0,0.0); 
g I Beg in (GL_ QUADS); 

glVertex3f(-10.0, 10.0, 0.0); 


// 4j jluJl AjaJLj! 

// <L1jL»J| 2,ia S:il 

yy a ... ^ ■»! i i a I*? o . 1 1 


// f 

yy 4jjLv»wJi 5jjJjJi 


glVertex3f( 10.0, 10.0, 0.0); // kh 

glVertex3f( 10.0,-10.0, 0.0); // ^Jl bj\J\ 


glVertex3f(-l 0.0,-l 0.0, 0.0); // b jL*J' aJjLJI byy\ 

glEndQ; 

gluts wapBuffersQ; 

} 

: JUl jSLiJi jlaUJ jjLJI jjsdi lii 





L 





JmaII liA Ji (Qixuu 

^u!^VIub>Laiij>jbai > 
jruw j^S OpenCL jlfa! gu* > 
ulftiaij &I2UI > 

OpenGL uLwImI ^ 

g!End ()j gIBeginf fkWI JS^Jl > 

uULall j j la&Jl > 

Normal Vectors (liiLkV! > 

M 







OpenGL 


• x,y f z jj^ ^ 

. aJL* j*-JL IjL*u j A^r^-JL oLj|Ju>-V^ ^jj^ ' X 

oLjl^>-'yi jS^J jL^I j y>? j*-JL oLjlwbs-Vl j-* ^^Jp! i Y 

. 4 »J l 'u^ p ^u 2 J 

^ *) ^-^^ w<, ' |ji*-jAj ^ ^ ^Jj>- 1 jJS aS"* Oj£-> ! Z 

. A^j>r <t ^JL) 

l oIj y^^ 

xy jij^ J*j ^>' : xy 
yz jij^ ^>' ; 
zx Jij^ jijis'y : zx 




\ 

jua jp 4^1 OpenGL jlfa I qma 

(_£ JJl J ^JJl . ^J) aJL*P Ol (^Jl>-I 4 -oL^Ji di-& 

4-aj 2-1^- 1 ^ g ^u**jT (3 ^ y^^ ^ ^ ^ ^ ^j«ip A^xi-^* i 0 a^ 

^,wLJ1 ^y^ ^ ^jsj! c £,Ly^-&U l^J^«w® Ul ^ jA *j 1 0^-5 

^ «* _ 

. ^ j^\ o j-L; OpenGL jU^j, a-uLS"" y^ OVI ^ j* 



Ajiuiil fl jAjaU a d ) jwjj • 


n 


Jl__ia 

glClearColor( 0.0,0.0,0.0,0,0); 
glClear(GL_ COL 0R_ B UFFER_ BIT); 

j^ir 3 ^-^ jiaUi l»i i o^JLJLj jiis'yi ojj Jh • ••'' 

. glClearColor ySft 3 JU-i 0jiil 

buffer «»jil ^ Jl glClear —S >U 

^jip Uuj OjAJ AlSjil 5_/lJLJl ju*u« JaJis LJU (3 

. <LSLdJi 

^S'l^OJl a* c i_ 0 a*»*J!u aj 1 *Aj { bjfl ^ ^-*-** 0 I Q i ^ 

J y*ss£ J,U-I ^Ul jjJ jL^ OpenGL Jii^ . dUSJ cas*iU US' buffers fcijil 

■ ^^S'iOJl i ^ JS' 3 d^-*A 01 ,*k® sJu 

JU—i» 

! OS^ 03 ^S^S OV^ 

glClearColor( 0.0,0.0,0.0,0.0); 
glClearDepth( 0.0); 

glClear(GL_COLOR_BUFFER_BIT\ GL_DEPTH_BUFFER_BIT); 
glClearDepth ( ) 3 U Ul U! (^^1 ) ^=U! 03 JjS 1 ' JaUl 

.Depth Buffer j-UJ iSjil »jS'UJl 3 Vd-S 5 Oi~ 3 3 ^' uUl 

( | ) OR ^Skdi U4aJL-j (_i!ti" 3 JJI glClear yS?l dJLsJl jUJi 

. (_3: 3^ “dijil ^S"”ijOJl £•* 

. glClear ^^*31 4 ^ 3 ^ ^S'l^OJl 3^3 J 3 ^ 






OpenGL ^Sj 


n 


jii 

r-vi 

SsSjil i jS'lJUl 

2ual*6JU pixels^ JpiiJi OijJf 

G£_ COLOR_BUFFER_BIT 

0 jJJ Ssijlt 5 jTiJJi 

Color buffer 

^ fOAa*jj Z buffer uu*»f 

^p AiuJj ^\J Ja5 jUij VJaa5j 
^^S axJ J^aJI Oli A-j yip AiaiJl) jlplJi j^P 

J: AP4 L-^ jJj Oli A-J 4kiJ; 

OlP 

GL_DEPTH_BUFFER_BIT 

j^JJ i&dJit o jS" t jJ 1 

Depth buffer 

. AJ*>L*Jl ^ip j*A&$ 

Ojj*£ U«JLP b»*J\£ AyL»P A**£Jj 

djTlJUl fiJLfc J APj*£jil h-*jJ ^ .Aijfca 

>£} jfix*2 3jL**> 3 jj*a) .t 4 *»j *-UP >Ajte«3 4 

jw? Aj>j£ Uj SjU~J' ^sj 4 U jkw jp 

. Jsii Ja^l »Lfr>t«.U juju ^aj dJUfc As3ji! 3 /iJLh 

GL_STENCIL_BUFFER__BIT 

brU-l 5JJit 3/ UJl 

Stencil buffer 

<Lj\j£ 3 j APj*»£ A.^*' 1 ji 4 

• j® 

GL_ACCUM_BUFFER_BIT 

a^ijsll fcijli 3^03! 

Accumulation 

buffer 


glClearColorybtt 2ul*JI Aguall 

void glClearColor (GLclampf red, GLclampf green, GLclampf blue, 
GLclampf alpha); 

Jai J Clear Color oJ <uLbid*-V JU-i j jyv 

aJLliJI ju-b-d lilt ili 4 Blue <ijjt t Green <. Red RGBA OijJS/i 

.( A/p/79 

[0,1] jLsM (j-w’ ( sjJ-') LsJl eUj j*-* OjSj 

if 

. i j^2-u*yi o jJJi ( i / i / i / 0 ) t OjJJi (0,0/O/O) ^jlsi 






rr 

glClear y*% 4«l*}l 

void glClear (GLbitfield mask); 

. ij^T I a_JU-i Jl yS'l; Ja~-jJl buffers &}it 

buffers ^ijil jAJt y> j £I jt tay i_f\* jp »jLp mask jJl 

Sop Jl glClear W" J-^ J^z.-OR l$~; ji Jj-Urt J 

s? 

.0 /? oL*-JjJ 

jljlVl JUdM 

Lib .[0 , IJ JUl (^J'j ‘ ^GS/A 3^LiJi <$ j!_/>/! Jai 

• OjJ j r ,L "i' ‘- r -*"- > ~ j*-»“jJ ^ 

ijjlil ijw !*—*>j OjJ glColor3f() 

ij-t t Yellow juA t Magenta t C/an c 5 jb-) CMYK j RGB 

.( Black 


OjUI 

>&i 

# 

i 

glColor3f( 0.0,0.0,0.0) 

y^> 

glColor3f(l.0,0.0,0.0) 


glColor3f(0.0,1.0,0.0) 

jjji 

glColor3f(0.0,0.0,1.0) 


glColor3f(l.0,1.0,0.0) 

yr*~^ 

glColor3f(l.0,0.0,1.0) 

yjjl^ 

glColor3f( 0.0,1.0,1.0) 

£ 

o*h>) 

glColor3f(l.0,1.0,1.0) 





n 


OpenGL 


ulaLdilj ^jjjJI k&JI 

vertices jucfi^S ItQl J 

Jukj .vertex l5 ^^j 2ljLp sl^U ^liji ^ Ji«i 

jJJ ^Jj>- ISli .^Uo*yi a-u*^j c^JlS ,,,, jJ ^U-IwUl oL>L~J-l 

4^J OpenGL .z cJliSl o*JJ 0 ^u^iSl OpenGL dJJi (X/J Jaii 
^yj> 4_<-^L^eJcll LJi w\l>-U OpenGL w 4-jiwL>-j 

4jkli! (^aJSI) wUJl oLilJ^I ^Ip Jw x,y f z Sj 

#5 

aa*o ^iyil JSLijj t OpenGL j j»A>cu~; b. IjpU w .(Oc/w , y/w, z/w,) 

. w ^‘Ia^J 1 ; UJi\ OpenGL 

^! JiJJotJ 

_y 4P_j-«-»«-»-S”" “Lw^AiAl OpenGL t} t—A-^y 

’.<j 0 j y H 

Void g/Vertex {234} {sifd} [v] (TYPE coords); 

JsjLw*j *j'}j j\ (X,y) <y) s i- M J AjjJ ^-~y~ .SAP {234} iA^- 

-up w=.Z j z=0 <y> Z,W —J ^>1 jn\ .(x,y,z,w) -lajbxj 5 *jJ jl (x,y,z) 

.g/EndQ j g/Begin() cy Lj£j ol y^\ Ia* ^IpaaJ .Uaja3 ^»ap 

jt f/oat jt integer J short 0jSC jt r£s.. JsjU-jJi ^ {sifd} Js* 

. double 


tliii Aip ^v»jj j t 3i jL^a J^La ^1p -IpjI—« 01 j^SsJC 

. y i_>^U 





ro 


*L^f 

glVertex2s(2, 3); 

glVertex3d(0.0, 0.0, 3.1415926535898); 
glVertex4f(2.3, 1.0, -2.2, 2.0); 

r VC++ SjJj dvect 1$jH <jtuyd 

GLdouble dvect[3] = {5.0, 9.0, 1992.0}; 
glVertex3dv(dvect); 

Lines htjbsd I _ Y 

GjLp 4_Ji 4 J (JL>l-AJ j 3 i A- ^wv ^ JL^^a 4^23 /j-P $jL*P GpeflGL (J§ JsiM 

y^L>- SwXP ^isJl .-Ll£ J** 

vertices ^jjj c {J^^' j ^ 

.J?dlU oLjLgjJl 





Polygons u\a ^\. T 


.^Jg>Ls» 4 j2-L*^ 4jlL>- 4^Ijj j 4JL<>wvi2JL^ 4_>-Lo**^ /^_p d^L»P ^L^Jj 

(LL>-ta ^L«) oU-Ui2-ll j jSsj jl JJtc SJLU- ^ 

^LJ OpenGL ^j-JLSi jL>- ^ jl 




n 


OpenGL 



Valid invalid 

js> ^^3 ^^>-^1 iL*1 . valid jL>s-j>w^ jSLjuJi jLvj (j 5 uL*-U^il 
J^jiJi ^LS; iiL* Oj^> jl V ajV invalid 


CL^t ^L^all j£***il (3 V ? ^ 


. U Lj>-I JJL*l<4 



Rectangle JirtiTnit I _t 

UaJ .glRect*0 yV fUas^-b ^« }g? «■«■<■ *a p—***j ^' i OpenGL (y 

. (JaLalit jt-^j 

jdkumi ^Uhflji 

Void g/Rect {sifd} (TYPE xl, TYPE yl, TYPE x2, TYPE y2); 

Void gIRect {sifd} v (TYPE * vl, TYPE * v2); j\ 


rv 


A.wli *n )| 



*> 1 • ..** A 


gIRecti (-10,-10,20,20); 

Olij i •,&Ii V 




int rl [] = {-10,-10}; 
int r2 [] = {20,20}; 
glRectiv (rl,r2); 

oi4 t y*^> ^yi example21 *jH JUl IJL* oM ) US' «jU! JS^iJl 


: (£* (ji^il tj j>U! ypzy *jil examples 



Curves wLcuil .0 


: dUi JlsJl JSldJi ^ to 




OpenGL 


rA 

OpenGL £ uUubi 

dJJij p\^2j> jl Ja^ jl islLil \z-yA J ^k^-J jt—-j j-*’ 

JSkiJl 

Cfili • glEnd ( ) j glBegin( ) cr* lK 

L*^sj lit* . glEnd ( ) j glBegin( ) j~i> gIVertex y\ 3 \ 

JL* pi. glBegin(GL_POLYGON ) gIBegin GL_POLYGON ^ d 

J4j*«jJl Ljwsj lil L*l j L*5”" j ilk 

^ ilk -UP ^ glBegin(GL_POINTS ) gIBegin ^ GL_POINTS 

•J*’-' ) Jlkl Jkklil j 3* ^ gIVertex y\j\ ^ UoUp Jslai 

:(Jlill ll* cs-iil exampie22 -kkt JSCiJ! k-* J ijki L /uJl 

gIBegin(GL_POLYGON); 

or lVeirte ’-r 2 £ i[ O - O 0-0) ^ 

or X Vs ute >r 2 it (0.0, 3 - O) j= 

qt 1 Vs :cr tex2f (3.0, 3-0) ; 

or 1 Vs rt:ex2f (4.0, X . S ) ; 
or 1 Vs rtsx2f (3.0, 0-0)^ 

glEndi); 



GL_POLYGON C3L_POINTS 

glEndf) j gIBeginf) jJ>&J ^UJI 

glBogln()j*% *»Wt J&£)! 

Void glBegin(GLenum mode); 


. Jjlill y^x .Jl sL.uk! glBegin( ) yS?' -kjL-j Jlxil Jj-k-! cw 


(3*11 


. 5i 4,^ ,ajL* J 2 UL 3 

GL_POINTS 

.51^? a;* J? Cr* 

GL_LINES 

** * 

GL_POLYGON 

. cIpALo-S"*' (^33^ 

GL_TRIANGLES 




4dillg 1) j^u a UxJ l a-ujj : 




. t_3l y>- ^j! j3 (j*JJJ 4*0^ 

GL_QUADS 

, A i + A >Ti i ^2^—\ ^jA 4«Ia*vLv^ 

GL__LINE_STRIP 

j^~ Tj ;jji J2J>- llA ^3Ui2j JjjL-jl jiL^ jii 

• u-L 

GL_LlNE_LOOP 

, Lg. xj 4 J as 

GL_ TRIANGLE_STRIP 

. 4j>- ^ jA ^Lp l.^ ygftj 4 J j^&yA AXAm^a 4Sy*>^- 

GLJTRIANGLE_FAN 

. <J y*pyA 4-La1v*^» C^Lpbj AS y^^ 

GL_QUAD_STRIP 


I ^jjLwJl JjJ^r! Jj dj^S^JAl 4-^JjJst j^> L*Jb j^lxxJ a11a\ 


C> V 4 

vO * • v 3 

V 1 • •V 2 

GL_PO!NTS 



GL_TR IANGLES GL_TR I ANGLE_STR IP GL_7P IANGLE _FAN 


a\? a i f \^' 0 1 ^ 4 1 }& a > n 4j s ^ ^ i , i I 1 

: gIVertex yH\ ^3 (v0,vl f v2...) 


Cs^ ] 

juii 

. gIVertex y\ J^J aJ^iJ 

GL_POINTS 

v2,v3 f vO f vl JeySajLl 4iii^ 3L*d^ ^ j 

GL_LINES 



jllp j* (kULSl n iii . io£k j 

. kk j*. T J-^U- dik 


<w* . vn-1 vO jj- 4 

iJu& jl$ t kj-jJl aJU- J j n>~3 0 oi 

• ^ ^ 


c—k 4 ** v0,vl,v2 4-^jJj ( 0 —k> j 

3 ^wUji oUpL^ qa n jjSJ ji v3,v4,v5 

. tjukij jl p-T Jb*l4 ^Jo t jJJi ^o_p 3 JU- j j 


n j^SvJ ji . l3I ^J-i a-jpLj oUU^ 

p-T Jj&L 4 ^ i dJk j*jlp 4 JU- ( 3 j 4 ^o*Ji oL&pL hj> 

, kULs o*k ji p^k-ai jl Ajsjij 


v2 J} vl rjA f vl J} vO aL^a k ^J 

(3 n>=I 0po ji i—. io^kj 

> 

. W2 kk Jj' yn-lkk j>- T J-^> j op k^ n-i 


vn-l<4li j>-~\ j-^j p> lift Or^J c pkki j'^i 

.vO kk Jji 


■ kkl .p paki l.g.jaju k^l 4 okli* k*k*> 

ckii V ji pj , iwk p jSko j JkjJi sl^k 

. v4 / v3 / v5 kkii jr v2,vl,v3 tiiiil f v0,vl,v2 

. n>=3 0 oi l-*^5 


jT5l olili* a1**wL* j 

Vji __ ^y j -1^0' 

. v0,v3,v4 tt-bil f v0,v2,v3 o-Hl f v0,vl,v2 

. n>=3 0 ^ jl 


. {j&X. Ji Lg ^^^0 OUlv2^» kkLw («-^J 



GL_POLYGON 


GL_ TRIANGLES 


GL_QUADS 


GL_LINE__STRIP 


GL__LINE_LOOP 


GL_ TRIANGLE_STRIP 


GL_ TRIANGLE_ FAN 


GL_QUAD_STRIP 






i) 



l/M (T v 0 fVl,v 2 r v 3 Vji ^ 

jl . v 4 ,v 5 ,v 6 ,v? J 1 ^ y 2 , v 3 f v 4 f v 5 

. j >-T Ju^b?ti) n cJlS" li], n >—4 j 


l/o/'d glEnd( void); 

glEndyM~6*U f&udJi 


, J^ULlSI 4j>cJ^ 4 jU& /^P i*ij& Ji*-l 


g!End() $ g!Begin() JmiJjj ^ 

>Co!or jjill j glVertex() olAb-^L ^jj v ii i*U>l oU^Ldl J±r 

Texture coordinates (t-CS^) < r ~S\ J d\ oCij^Ij normal vector is* 

j glBegin( ) c^i Jl £^ ... 

g/fndfj 


4>» U^J^ 1 



glVertex*() 

. (JIp-I j jJJl 

glColor*() 

.JUL| OjJJl ^Cn*i 

gllndex*() 

. otJlJb-l 

g!Norma l*() 

• oLol--b^} UJjJ 

glEvalCoord*() 

. jL^tl Aj>eJ V Jj£l> 

glCallListO, 

glCallListsO 

• <—■ -jS^ijill oLo^Jj>-| 

glTexCoord*() 

. L.JM ^ J ‘,^ 4 

glEdgeFlag*() 


glMaterial*Q 





OpenGL JJ-S 




jJ j ^s>z^p js* ^juijL-vJi js*')!\ (^j>~\ j *\ji 

uhidilj la&JI jl^Ial 

aIzaj ^J/2jU' ji* Jaii-I^ ^1 p J ^jalLiS - * L*v^- iaULjl 

4J_4s j^SC 4-ujj>" <U^lj»b ^jJL^ . C ■ o. • * ■* * ( J^-'-"-J j»-^ ji * d l'j #A>-ij 40jO? 

. Ol^l>Vi 

aunt 

j^ssJ-i ijjj glPointSize() ySl\ i i>* 2 il ajaiJ! (*^AS 

. aJ^juJIj op^ ii 

>Aii js&i 

Void glPointSize(GLfloat size); 

. U->-!jJl 4 ^ 5 !^^QwjjaJyL/aJl Cj^-i 0 ^ t —!M L&Jp 

la^laitJI JdUdldJ .Y 

JsjjaP- i 4 }? <;:-») SjLbsi jjLjj i_a10£ <Jp j*>, -Wjjs^- OpenGL £-* 

( 4 j*> JU~a t SjtjaJLa 

kali j0>u |4&ftXil >«tf j*Ul! JS^ll 

Void giLineWidth(GLfloat Width); 

j a./gl l jjS^I JaiL) ^ 4 ^P l)I k—t 40 jy?)I 4ja i;Sb Ja^Jai-l ,jlsjp 

. JL>-IjJl 4-o-uiJl j 

kali £jjj f&sZiljAV fkkJI J&£j| 

Void gILine Stippie(GLint factor, GLushort pattern); 

j ^SsJ . oSj ^-1 jJi j j\jL^^\ ^ 16 bit j jI^j a-L^-L* SjLp pattern h ** * j}\ 

J) V 0 J <+~^J jy^ 1 4-g^jJl . ^ 2 ^il 

j aJ*^ d.—SL*j lili . aLJ^IS o> jp? ^J^«Lr5^ Factor hy *jii 



j^ydUxJI 


i? 


.( \»® j \ cv. factor 3^_i) . factor=2 Obf lil oiu^ij 

^Lj GL_L1NE_STIPPLE J^^it ^ glEnableQ f 'a^L j<LJl /Vi J~l" 

. -k~-jJl i _ r ^aJ ^ glDisable( ) j*LJl y>Vl J-*i; 

Jl \A 



glLineStipple( 1,0x3 f07); 
glEnable( GL_LINE_STIPPLE); 

JaiM ^Jjusj J Jaii-l jj .1-^ J 

. | ^ij l ^ 

f on Ujj, Jfl£ o^b JaiU : 0011111100000111 < = = 0x3f07 
tj* ) off ijjijj-^ 0 7^ gi j on j^is J?Uj c***> ^ o/f aJjP? L ^® v ' 


• ( ^biil j ^ j jLwwJl ujr*^ 

f 0(0000) f V j\ 7(0111) jt c/ . Vjf f Jbu-J V s ) JiSri oUUU 


on a-j jv 5 J^Lij 


bj jJ 


factor=2 d\f lil . 3(0011) f f(llll) 
, Off y^ -IfULi bjJiS'j 


i_j jCs y&j -is^ia>- £-0 3Il»I ^liJl J^LaJI yyi 


PATTERN FACTOR 

0x0OFF 1 - 

0x0OFF 2 - 

0x0 C OF 1 - 

0x0 C OF 3 — 

OxAMA 1 - 

OxAAAA 2 

OxAAAA 3 

OxAAAA A 






a 


OpenGL 


ciaJ s jv3 >x9^ us! J^b Ox >ojJ! g-o^j Lo-llc 

^ A 

C*_mjJI ^sLu^Jb /xS>il IJlq> Ol uSvj^ lJi£3 VC+ + 

. Hexadecimal ^>2 ulc 

I® 


uULall JdMldJ .Y 

j! Sibjf Jjp ‘LarjL^- JajJaatS”” jl L*-S" t Ajdnf oUlyj M y 

. oiliii J5" j^v2j j J oLprj . j yjjJ^ 

gitall Wi Mm gttl >Otf {kit JSiuJ I 

Void g!PolygonMode(GLenum face,GLenum mode); 

* 4-Jlxjl ^wUgjl Jj>-\ ll A>r^ fdCB <*^->'^ 

GL_BACK , GL_FRONT_AND__BACK , GL_FRONT 

: oj^Li ($,Jii Jsi) mode j^i! 4~*JL Ul 

GL_F1LL lGL_LINE lGL_POINT 


gIPolygonMode (GL_FRONT, GL_FILL) ; 
gIPolygonMode (GL_BACK f GL__LINE) / 



(C~ W La) 

Jaid 


gi«m ij4 %}tii .t 

* s. * 

& * JU ^ ^tjT ^i.AjxX-O' 1 L/2 j 1 f ‘i^a ^ *> 1 < l «/? A ^ *** y \***fi’\ 

.<_/»*Jl L^sju Jl 32 bit * 32 bit oijlUt ^p 


:j.Jil -UAa^xJ ^LxJi 

void glPolygonStipple(const GLubyte * mask); 
ja 32 x 32 bit aUjL a jyfi Jt ^p a jLp mask Ja~-jil 

“}li 0 <u-»aJl L»1 ^Ip 2^j)j^o \SjP> ^La! 1 iwJLil ^Jg,7 .ol-A^-l^jlj jLLys'iH 



£o 




glEnable() j^LJl yS ft JJa~j J*4> J* s-^ <J\ p —J 

. GL_P0LYG0N_STIPPLE Ja-^l ^ glDisableQj 


r 


32*32 ol*jjil iJs- . (<LS <!y ^i^jT ^ 

Idj'&Lvob 4 jlL^- ^oLC ff.Lu . 0 4-o-ytSb ^ jJbj ^^ll 


ul^L*;jJkl A^^Sj 




128 S4 32 IS 


4 2 1 


Ijjfc ^VjP jOU 43 t Oj 1 ^O^ojJl jt-^J 

JjPJj ^ 4jjU^.Ji 4jjljii )jUxpl jiygli j-^llP CL-~w>- ^-ojJi 

J& j&j ^Jl 43 jS*/2 il .(^2-v^Vi pLg-IJ I ^>- ^L^aJI p-JiJi ^ll5l ^W*JS 

• ^ L-wJi 2L£lylil ^3ji 

GLubyte fly[] = { 

0x00 , 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 

0x03, 0x80, OxOI, OxCO, 0x06, OxCO, 0x03, 0x60, 









n 


OpenGL yJj Jbj 


0x04, 0x60, 0x06, 0x20, 0x04, 0x30, OxOC, 0x20, 
0x04, 0x18, 0x18, 0x20, 0x04, OxOC, 0x30, 0x20, 
0x04, 0x06, 0x60, 0x20, 0x44, 0x03, OxCO, 0x22, 
0x44, 0x01, 0x80, 0x22, 0x44, 0x01, 0x80, 0x22, 
0x44, 0x01, 0x80, 0x22, 0x44, 0x01, 0x80, 0x22, 
0x44, 0x01, 0x80, 0x22, 0x44, 0x01, 0x80, 0x22, 
0x66, 0x01, 0x80, 0x66, 0x33, 0x01, 0x80, OxCC, 
0x19, 0x81, 0x81, 0x98, OxOC, OxCl, 0x83, 0x30, 
0x07, Oxel, 0x87, OxeO, 0x03, 0x3f, Oxfc, OxcO, 
0x03, 0x31, 0x8c, OxcO, 0x03, 0x33, Oxcc, OxcO, 
0x06, 0x64, 0x26, 0x60, OxOc, Oxcc, 0x33, 0x30, 
0x18, Oxcc, 0x33, 0x18, 0x10, 0xc4, 0x23, 0x08, 
0x10, 0x63, 0xC6, 0x08, 0x10, 0x30, OxOc, 0x08, 
0x10, 0x18, 0x18, 0x08, 0x10, 0x00, 0x00, 0x08}; 


oi*j y ry JjLiL 2i j»yg i>l (3 J5"" ji Jk>-V 


Normal Vectors (4J4UI&V) 


-Jj JSl! jujJ- OpenGL j tjiys- p-klJl 


.(jiJiist ♦kD y\j U LJIp tJU-l j3s>Ul ju-b-J glNormal*() y^ 

~HjU\ ftjUl (&0JI yfi >Wi 

void gINormal 3 {bsidf} (TYPE nx, TYPE ny, TYPE nz); 

teLijUa 

void glNormal 3 {bsidf}v (Const TYPE *v); 

Hut 



gIBegin (GL_POLYGON); 

glNormal3fv(nO); oLjU^I nO{y 

glVertex3fv(vO); /AkUl oIjLg-I vO.J3 

giNormai3fv(nl); 
glVertex3fv( vl); 
giNormai3fv(n2); 
glVertex3fv( v2); 
glNorma!3fv(n3); 
glVertex3fv( v3); 
glEndQ; 



£ V 




^jg«*Jl ^xJj Jx-lJiJ ^jlxOJ O^wb^l cjL^S^Ucu jL&Ui! ^LU 

(~x f - J,} (x / y / z) ^ ^_Ji t jtUl $140 jt-^Uil al4l O^SC 01 

. (\. .oUj jl oliliu^ dj^-y£? olxl^ 2 >» ^1p I^LoJ^pI ^3,y f ~z) 

tLfcO^^o ^Js-wOi ^SsJj ^Jss-m-JJ 4«l5\-JlJ*i C^Lxly? ll 

• j¥^ Cj^^3 '~^3 >r C-li c£^3* 

\\i i£ M **" un 
♦* ♦♦♦ 

di-5^ o^Ixj 1^5"" l/CH -- !- 4*L <pjl3 oLaa^Uj *^xul aOIOI c^Iaa-JaOI J-u00 


* L? JJ^ J>^ (J^ 2 -^ JjV! J-^2-01 

r,| 

/*uki y^ 

OpenCL 3 kttlg Sjjla (**j 


Sin A**ilxLl ^xjl J/yl^3 ^Lp 4.*- ^ U^j 43^ip 0 J ^i-P 

^yiJl t.^S'l f a3.cpp (Jiiil a^j is^j app/ication21 <uH l^J^" ^jji . 


r\ r* . 


: a3.cpp (_iiil JliJl 

#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#inciude <gl\glut.h> 

#include <math.h> // Sin,Cos a^l .)\ ^ljJi J^T ^ i^l\ »1» ^jup>\ 

static void redraw(void); 
int main(int argc, char **argv); 
int main(int argc, char **argv) 

{ 

giutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB | GLUT_DOUBLE \ 
GLUT_DEPTH); 

glutInitWindowPosition(100,100); 
giutInitWindowSize(400,400); 
giutCrea te Win do w( "dra w circle "); 
glutDisplayFunc(redraw); 



£ A 


OpenGL ^ JJj 


glMatrixMode(GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode( GL_MODEL VIEW); 
glutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

#define PI 3.14159265 

#define EDGES 30 // (*-*'ajc.) fijini* jLpj ls jjUi Hi Jbj 5 
#define factor 15 /A 
glClearColor( 1.0,1.0,1.0,0.0); 

glClear(GL_ COLOR_BUFFER_BIT\ GL_ DEPTH_ B UFFER_ BIT); 
gILoa dldentity(); 
glColor3f(0.0,0.0,0.0); 
glTranslatef( 0.0,0.0,-100.0); 
for (int i = 0; i < EDGES; i++) { 
glBegin( GL_LINE_LOOP); 

glVertex2f(factor*cos( (2 *PI*i)/EDGES), factor*sin( 
(2*PI*i)/EDGES)); 

glVertex2f(factor*cos( (2 *pi*( /+ 1))/EDGES), factor 
*sin((2*PI*(i+l ))/EDGES)); 
glEndQ; } 
gluts wapBuffers(); 

} 

.X&LJLx! jjjLkvJl jjij 





4j^aU ni l 


£ ^ 


2*ufaj\!S 

4£jiX« la^la^ £JUj j>lJL*Li<l 

* # 

application22 li~k; y^\ . ^-ili 5 ^ 


i a4.cpp /ja^s (_^lkl t—.-"^'I ^ a4.cpp 

#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#include <gl\glut.h> 
static void redraw(void); 
int main(int argc, char **argv); 
int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB | GLUT_DOUBLE \ 
GLUT_DEPTH); 

glutInitWindowPosition(100,100); 
glutlnitWindowSizef400,400); 
glutCreateWindow("draw multi lines"); 
glutDisplayFunc(redraw); 
glMatrixMode( GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode(GL_MODELVIEW) ; 
glutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

float xl,x2,yl,y2; 
int i; 

//i? jjaii-l ^ J i_A> 

#define draw0neLine(xl,yl,x2,y2) glBegin(GL_LINES);\ 
glVertex2f ((xl), (yl)); giVertex2f ((x2), (y2)); glEndQ; 
glClearColor(l .0,1.0,1.0,0.0); 

glClear( GL_COLOR_BUFFER_BIT\ GL_DEPTH_BUFFER_BIT); 
glLoadIdentity(); 
glTranslatef( 0. Of, 0. Of,-100. Of); 




OpenGL JjJj 


/* jjJJb ^w«p jt-^j */ 

glColor3f (O.O, 0.0, O.O); 

/* iiixS^ ^jU _tjja^ T ^ *i ip jaSt! */ 

glEnable (GL_LINE_STIPPLE); 
gILineStipple (1, 0x0101); /* -tt-i pt */ 
drawOneLine (-30.0, -20.0, -20.0, -20.0); 
gILineStipple (1, OxOOFF); /* ilL- it>^ iast! */ 
drawOneLine (-30.0, -15.0, -20.0, -15.0); 

gILineStipple (1, Oxl C47); /* it^i - iti; - iJLL- it^ */ 

drawOneLine (-30.0, -10.0, -20.0, -10.0); 

gILineWidth (5.0);//° -tt~i 

gILineStipple (1, 0x0101); 
drawOneLine (-15.0, -20.0, -5.0, -20.0); 
gILineStipple (1, OxOOFF); 
drawOneLine (-15.0, -15.0, -5.0, -15.0); 
gILineStipple (1, 0xlC47); 
drawOneLine (-15.0, -10.0, -5.0, -10.0); 
gILineWidth (1.0); 

/* iJjL* it jJm — itii — iwLiw« itJaji-I -tjja^- 1 ^ TipodlS */ 

/* cM 3 0-* V 

gILineStipple (1, 0xlC47); 
gIBegin (GL_LINE_STRIP); 
for (i = 0; i <6; i++) 

glVertex2f (5.0 + ((GLfioat) i/2 * 10), -20.0); 
glEnd (); 

/* iLal~~» Jsjjas!- 1 ^ 1 ip l _jdbj */ 

4-t ^|t 6) 4 -JjL^ aI? Jajtl ^ 

for (i - 0; i < 6; i++) { 
drawOneLine (-30.0 + ((GLfioat) i * 5.0), 

i*3.0, -25.0 + ((GLfloat)(i+l) * 5.0), i*3.0); 

} 



0 ^ 


^J j ^ j vuaUaJ ) ^uij 1 


y/ 5 ^ A*1 jLv^ aJ^— aJ^jU — A^jjLv^» aJ^A£*J fi^* 0 AS* t,_ .J jjLu 

/^Oyl/jlJ.Uj */ 

gILineStipple (5, Oxl C47); 
drawOneLine (10.0, 0.0, 25.0, 20.0); 
gluts wapBuffers(); 

} 



uUiual! <>U %}tii ^iJLiuwl 


4J^“1 1 • 4js1i2£ 3 (_5^ jJ-o-*-^ 

tjAU JUl f a5.cpp .Jsiil application23 

: a5.cpp 

#include <windows.h> 

#include <gl\gl.h> 

# include <gl\glu.h> 









OpenGL ^j JJj 




#include <gl\glut.h> 
static void redraw(void); 
int main(int argc, char **argv); 
int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB | GLUT_DOUBLE \ 
GLUT_DEPTH); 

glutInitWindowPosition(100,100); 
glutInitWindowSize(400,400); 
giutCreateWindow('’draw multi stipple rectangles "); 
giutDispiayFunc(redraw); 
glMatrixMode(GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode(GL_MODELVIEW); 
giutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

/y^ SjjT AJA jKi 

GLubyte fly[] = { 

0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 
0x03, 0x80, 0x01, OxCO, 0x06, OxCO, 0x03, 0x60, 
0x04, 0x60, 0x06, 0x20, 0x04, 0x30, OxOC, 0x20, 
0x04, 0x18, 0x18, 0x20, 0x04, OxOC, 0x30, 0x20, 
0x04, 0x06, 0x60, 0x20, 0x44, 0x03, OxCO, 0x22, 
0x44, 0x01, 0x80, 0x22, 0x44, 0x01, 0x80, 0x22, 
0x44, 0x01, 0x80, 0x22, 0x44, 0x01, 0x80, 0x22, 
0x44, 0x01, 0x80, 0x22, 0x44, 0x01, 0x80, 0x22, 
0x66, 0x01, 0x80, 0x66, 0x33, 0x01, 0x80, OxCC, 
0x19, 0x81, 0x81, 0x98, OxOC, OxCl, 0x83, 0x30, 
0x07, Oxel, 0x87, OxeO, 0x03, 0x3f, Oxfc, OxcO, 
0x03, 0x31, 0x8c, OxcO, 0x03, 0x33, Oxcc, OxcO, 
0x06, 0x64, 0x26, 0x60, OxOc, Oxcc, 0x33, 0x30, 
0x18, Oxcc, 0x33, 0x18, 0x10, 0xc4, 0x23, 0x08, 
0x10, 0x63, 0xC6, 0x08, 0x10, 0x30, OxOc, 0x08, 
0x10, 0x18, 0x18, 0x08, 0x10, 0x00, 0x00, 0x08}; 



4j. iiM j : 


or 


// js*- 1 S- J- 4 ^ j 4£ <_Aj J*j 

GLubyte halftone[] = { 

OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55, 
OxAA, OxAA, OxAA, OxAA, 0x55, 0x55, 0x55, 0x55}; 

glClearColor( 1.0,1,0,1.0,0.0); 

glClear( GL_COLOR_BUFFER_BIT\ GL_DEPTH_BUFFER_BIT); 

glLoadldentityQ; 

glTranslatef(5. Of, 15. Of, -40. Of); 

glColor3f(0.0, 0.0, 0.0); 

gIRectf (-20.0, -20.0, -10.0, -10,0); 

glEnable (GL_POLYGON_STIPPLE); 

gIPolygonStipple (fly); 

gIRectf (-10.0, -20.0, 0.0, -10.0); 

gIPolygonStipple (halftone); 

gIRectf (0.0, -20.0, 10.0, -10.0); 

gIDisable (GL_POLYGON_STIPPLE); 

glutSwapBuffersQ; 

} 



o£ 


OpenGL 





(i*JI ^) JZ7yJI ( 4*J! ^Lu) r/7> u&l* 

Cj* J>i J^a 2 - 4 ^ O* 2 (j uy’j **^ £^A'j c-iiil i_A-^ 

A a6.cpp UiHl ai*_> ^iotj application24 <uH LL Jai y^\ . 

: a6.cpp oiiil JB <yrjjil (j^J' 

#include <windows.h> 

#inciude <gl\gl.h> 

#include <gl\glu.h> 

#inc\ude <gl\giut.h> 
static void redraw(void); 
int main(int argc, char **argv); 
int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDispiayMode(GLUT_RGB | GLUT_DOUBLE \ GLUT_DEPTH); 

giutInitWindowPosition(100,100); 

gtutInitWindowSize(400,400); 

glutCreateWindow("draw payamid & cube"); 

glutDisplayFunc(redraw); 

glMatrixMode(GL_PROJECTION); 

gluPerspective(45,1.0,10.0,200.0); 

glMatrixMode(GL_MODEL VIEW); 

giutMainLoopQ; 

return 0; 

} 

static void redraw(void) 



00 




{ 

glClearColor(1.0,1,0,1.0,0.0); 

glClear( GL_ C0L0R_BUFFER_BIT\ GL_ DEPTH_ B UFFER_ BIT); 

glLoadldentityQ; 

glTranslatef(-l 5. Of, 0. Of,-100. Of); 

glRotatef(30,0.0f,l. Of, 0. Of); //Y l ^jjjs 
glBegin(GL_TRIANGLES); // oMl j 

glColor3f(l ,0f,0. Of, 0. Of); // 

glVertex3f( O.Of, 10.Of, O.Of); // fj h 
glColor3f(0. Of, 10. Of, 0. Of); // 

glVertex3f(-l0.Of,-10.Of, 10.00; // f ji\- eJill J \ jLJ) *kUl 
glColor3f( 0. Of, 0. Of, 10.00; // J j j t 

glVertex3f( 10.Of,-10. Of, 10.Of); // ?^ J 2 ^ 1 

glColor3f(l 0.0f,0.0f,0. Of); // 

glVertex3f( O.Of, 10.Of, O.Of); // ^ H*-'J k^UJl 

glColor3f(0. Of, 0. Of, 10. Of); // 6y) 

glVertex3f( 10.Of,-10.Of, 10.Of);// ^ vikkl J a^LJl akidl 

glColor3f(0. Of, 10. Of, 0. Of); // y^\ 

glVertex3f( 10.0f,-10.0f, -10.00;// *iW' cj 

glColor3f(l 0. Of, 0. Of, 0. Of); // 

gIVertex3f( O.Of, 10.Of, O.Of); // j* j/) j h 

glColor3f(0. Of, 1. Of, 0. Of); // 

glVertex3f( 10.Of,-10. Of, -10. Of); // ^ ^ekki J ^L-Jl skiJl 

glColor3f(0. Of, 0. Of, 10. Of); // 6y) 

glVertex3f(-l 0. Of,-10. Of, -10. Of); // J WJ' 

glColor3f( 10.0f,0.Of,0.Of); // y-i 

glVertex3f( O.Of, 10.Of, O.Of); // cJiil .J ajjLJI AkiJl 

glColor3f(0. Of, 0. Of, 10. Of); // J j '} 



OpenGL 


gtVertex3f(-10.Of,-10.Of,-10.Of); // 5^-tjJl- dJiil j kjt~Jl AjaiJl 

glColor3f(0.0f,10.0f,0.0f); // r^-'' 

glVertex3f(-10.0f,-10.0f, 10.Of); // ^ ^ ^/>- d 

glEndQ; // f>' f-j 

glLoadIder>tity(); // cJ%y^\ tsywi* teJ> 

glTranslatef(20. Of, 0. Of,-100. Of); 
glRotatef(30,1.0f,l. Of, 0. Of); 

glBegin(GL_QUADS); // (*-"j 

glColor3f(0. Of, 1. Of, 0. Of); // ^ 

glVertex3f( 10.Of, 10.0f,-10.0f); // ^ 

glVertex3f(-10.0f, 10. Of,-10. Of);// J ajjL-Ji 

glVertex3f(-l 0. Of, 10.Of, 10. Of);// ^ kjL~Ji s-li-Jt <ksili 

glVertex3f( 10. Of, 10. Of, 10. Of); // 4 *)aZ}\ 

glColor3f( 1. Of, 0.5f, 0. Of); // 

glVertex3f( 10.Of,-10.Of, 10. Of);// j bjL*}\ xkiJi 

glVertex3f(-10.0f,-10.0f, 10. Of);// J SjjLJi k^Uii iktJi 

glVertex3f(-l0.Of,-10.Of,-10.Of);// 5_LlJ! j xIlJi ikiJi 

glVertex3f( 10. Of,-10. Of,-10. Of);// J 

glColor3f(1.0f,0. Of, 0. Of); // ^ 

gIVertex3f( 10. Of, 10. Of, 10. Of); // \AjHs V-lA'-e^A 1 4 ^ iJt 

glVertex3f(-l0. Of, 10.Of, 10. Of);// M^ 11 4 “o'-A' ilaiJi 

glVertex3f(-l0. Of,-10.Of, 10. Of);// s~*£AJJ v^' H 5! ’'_A* _ £,A' 4 s-ii-Ji ikiJi 
glVertex3f( 10. Of,-10. Of, 10.Of);// 5;LlJ ' ^ 

glColor3f(l .Of,l. Of, 0. Of); // >*=>> 

glVertex3f( 10. Of,-10.Of,-10.Of);// gs 5—*-Ji *)axS\ 

glVertex3f(-l0.0f,-10.Of,-10.Of);// ^UiU 4 ’oM ^ 

glVertex3f(-l 0. Of, 10.Of,-10.Of);// V^'-e-A 1 j VjM 

glVertex3f( 10.Of, 10. Of,-10. Of);// M- 1 ^ 4 ^LA^.A' 4 

glColor3f(0. Of,0. Of, 1. Of); // 4j)\ 



glVertex3f(-l 0. Of, 10. Of, 10. Of);// ^<-<3 j s^kli aJ^i 

glVertex3f(-l0. Of, 10.Of,-10.Of);// a^uJi a^k**>' 3 4,>J' iUJi 

glVertex3f(-10. Of,-10. Of,-10. Of);// ijLJi a^!-^> t ^ ^UJi UlJ! *UJi 

glVertex3f(-10.0f,-l 0. Of, 10. Of);// ^L-Ji a^i-^ j vLlJi aUJi 


glColor3f(1,0f,0. Of, 1. Of); // 

glVertex3f( 10.Of.10.Of,-10.Of);// W-Ji >1 j ^1 sUJi 

g!Vertex3f( 10. Of, 10. Of, 10.Of); // ^^1! 4*^1 a^i -^>1 J ^L-Ji a>>)! skaii 
glVertex3f( 10.Of,-10.Of, 10.Of);// 4~~Ji >1 j a^uJi UiJi iUJi 

glVertex3f( 10.Of,-10. Of,-10.Of);// <-*£*1! 5^1 a ^)-^>1 4 4--JI3J.LJI aJ*U) 

glEnd(); // (*—j 

glutSwapBuffers(); 

} 

wX&LJLxJ UjL 






^ a & jJLu > 
modeling u}U$*j > 
K/eMW^ru^M > 
projection hSLiiiS > 
viewport > 
<4U9l£j ’> 

a^uiiukj > 

♦♦ ♦♦♦ 






OpenGL jlajaaII JJj 


V <LJUj 0 j j-y2 lJ («*-**> LA-! C-^Ly* J-^ J l) 1 Jj ^ 

.^4-JoLlJl ^ip y*-w> jZ^j ■ Ig <3 9 IA) JjcJl A-jJ^\j 

l^wtS^I 1 ju« 

1 |? Ll >A ^ * ** L i i -1 ^sjj ‘, ~ i I i '* ^ jj 1 ^ .tl C* | * ■ 

olj .Ij^LxSb oJ^lSiSi 

.( viewing o^ Jl Ij^lSOi Vrjjj Ijy>lS3l cu~s - 

.(modeling c^'%j£) — -Ui! jl£ll ^ £-^jj -a^I! - 

.(projection o*>\jj^) zoom jl^Ij v_-j_ / sdl Jj-^jj Ij>*t£J! 3^-u- jU^-i 

. (viewport o*>\j y^) yl^Ji Sj^l (*»*>- - 

^SOr 4jLi^» JSldoj !jy»lS\Jl oijiaiM sjjfc J-jiJ Jju 

.i_.^-woL>~l 4 -tiL*w ^i-p 


With a Camera 


With a Computer 







vi ew i ng 



modeling 



proj ection 



determining shape of viewing volume 








OpenGL jlfSaVl j 




modeling jl viewing o^»coLi^il a*U y iiL* 


JJ OlSC» c^T j Uoj viewport j projection c *>%Ul t^U 

..i-Li in , - *1 S ^ »ll a \ i 7 -ii . 1 I **ii ii . V .» 


a (3 




eye 

coo rdi hates 


dip 

coordinates 


object 

coordinates 


\> 


Viewport 

Transformation 


normalized device 
coordinates 


t> 


window 

coordinates 


Lfobd M t viewing j modeling j projection j* 


yt ^^ v u"L> JT oLTlJb-^ 4x4 


. V jJt £»jjr. M jJj yWt Si ja+iz* jP> ^cJU <_£jL*o1/ JjJjM 

l/' = MV 


J 

imodeling Jj y^ jjV s ^ jjys yj v*^~* '-W y"y 

Wliy Jj y£ y jls 5- yj dU .Z sk^ siL~a WLJ viewing Jj y^ 

. ( examples -Wit exampie31 Jlil! -lU i jviewport Jj yV 

#include <windows.h> 

#include <gl\gl,h> 

#include <gl\glu.h> 

#include <gl\glut.h> 

#include <gl\glaux.h> 
static void redraw(void); 
int main(int argc, char **argv); 
int main(int argc , char **argv) 

{ 

int h=300 / w=300; 



OpenGL 


IX 


glutlnit(&argc, argv); 

glutInitDisplayMode(GLUT_RGB \ GLUT_DOUBLE | 

GLUT_DEPTH); 

glutInitWindowPosition(100,100); 
glutlnitWindo wSize(400,400); 
giutCreateWindow(”draw Wire Cube"); 
glutDisplayFunc(redraw); 

glMatrixMode(GL_PROJECTION);/* projection */ 

gluPerspective(45,1.0,10,0,200.0); 
glMatrixMode(GL_MODELVIEW); 

gIViewport (0, 0, w, h); /* viewport 

giutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

glClearColor( 1.0,1.0,1.0,0.0); 

glClear( GL_COLOR_BUFFER__BIT\ GL_DEPTH_BUFFER_BIT); 
glColor3f (0.0, 0.0, 0.0); 
glLoadldentity (); 

gITranslatef (0.0, 0.0, -100.0); /* viewing j>j£ */ 
gIScaief (1.0, 2.0, 1.0); /* modeling */ 

auxWireCube(25.0); /* 

giutSwapBuffersQ; 

} 

:j>U\ JliLl gJlJl 




OpenGL jl^aVI j 


nr 


modeling j viewing 

£* glMatrixMode() yVl plp-d*»! (_^£ 4jf _/U; J^bdL f -Ul JJ 

. modeling _jf viewing o%jd JJ GL_MODELVIEW 


£»jjJj J] ol>b 


(_£PJj -Jj 0^>b_pxl!l t-J_y 

. JUJI j£dJl (J5 LoJ*" ^. *-3: ♦ 11 





V--' 


Jij Ja-ljl ^ ipLjl ^jllP jj^SCp ‘brjJ 45 jljjP J*P P (JjL-Jl jSldJl J 
45 dM jji J^>-p Jpj oj^-I Jji J^Ccuil (jUl.x 

. jjbKjJl Jaj-V , SpLJI ^jUp u ~&s- 


:iiL^ Vjl j*-*; C)l (jJljJ( ^Jp j;UJt J^JlU i _/ a -^l i^j5uJ 

glMatrixMode(GL_MODELVIEW); 
glLoadlden tity(); 

glMultMatrixf(T); /* dJV 

glMultMatrixf(R); /* OJj-Ul V 

dra w_ the_ object(); 
















M 


OpenGL 


j ,4x4 yu^j:. modeling j viewing 


■LfJjJ* 1 <^ tJ - Jo^ dj' j -* 1 


Jl 










glMatrixMode( GL_MODELVIEW); 
glLoadldentityQ; 

glMultMatrixf(N); /* N Jj j-Jaj */ 


glMultMatrixf(M); /* M 

glMultMatrixf(L); /* L 

glBegin( GL__POINTS); 

glVertex3f(v); /* y r - J : */ 

glEnd(); 

N(M(LV)) : (/ »(JbJblrl oUJIj^I) a4U! ai 

, * ; 

. modeling f yy viewing Jj y'jt j~Uaj 

modeling 

j glRotate*() j glTranslate*() modeling —1 o^j^ aj^u iJL& 


.glScale*() 

(? J J Sia^jlSl« o!>\j a 

. Ja^jT a^j*>lii 43 y^ail ,*_* glMultMatrix*() pUai-l 

Translate Jluli Jj^u 

* tJP3 ls***^*^ j -* ^a4 P (^1 ^JJLt cl“ 

:^.Vl IJLA JSCiJl 

vo/d glTranslate{fd}(TYPEx, TYPE y, TYPEz); 
aie- iiya jt) x,y,z p-j jiJui:. j»~Jr! Ju aiaJU-i a ^ 

: JUJl c3 u^ 1 oLol*-X>“Vi 




OpenGL jlftWI j AjjjjJI : iMSfl 


\o 



X 


; T 2ijjL^a 



1 * 

O 

O 

jjrH 


100-J 

T = 

0 1 0 y 

and T' 1 = 

0 1 0 -JJ 


o 

o 

i— L 


001 -z 


0 0 ° 1 


0 0 0 1_ 


Rotate q IjjdJ! Jj>*j 




:^l iJU ^Uli JiLiJi 

void gIRotate{fd}(TYPE angle, TYPE x, TYPE y, TYPE z); 


^ oLj!wL>-VI ^IjaJ ^*Jrl jjUJ 43 yufiJi. A3 

jO 1 j JUl JlSCJlJI (j-^j ,oL?rjjJlj jJJLj AjjljjJ J j y*~ L^v^otJ ji 4pL*Jl l-^jULp 

glRotate(45.0,0.0,0.0,1.0) ^Vl 


-►x 











OpenGL JJj 


1*1 


I R ki jjLy2^» 


gl Rotate* (a., 1^, 0., 0): 


0 


0 


0 


0 cos a, — sin<3. 0 
0 sin cos a 0 
0 0 0 1 


gl Rotate* (a., 0,, 1^ 0): 


cos a. 0 sin a. 0 
0 10 0 
—sin <3. 0 cosa. 0 
0 0 0 1 


gl Rotate* (a,, Q, 0^ 1): 


costz —sin<3 0 0 
sin 3. cos it 0 0 
0 0 10 


0 


0 0 1 


Scale Jj$aj 

tSy^-* j) Jj£- jij {S ' LS^ - 

:^Vl liA j*Uil JSCiJl . oLJLb-l 
vo/cf glScale{fd}(TYPEx, TYPE y, TYPEz); 

.1^. -Lj -x,y,z jiljil J^*ulb iki j£J x,/,z JS' ujk 

gIScalef (2.0,-0.5,1.0) J^l >t* Jbit JSkiJl ^ 




IV 


OpenGL jLfJaVl j 


y 

i 



A 


S 


jfoJO 4£ jd./SA 


S = 


x 0 0 0 
0 3 ? 0 0 
0 0 z 0 
0 0 0 1 


and S 


-l 


-000 

X 

1 

0-00 

y 

l 

oo-o 

z 

0 0 0 1 




.jj^i 

viewing u^m 

l^-g-Jr y j ( JJ>rjt j uJJi <Ljlj . All A^jsrjj ^5 y> o 

. Jij ja viewing SaU uJb" »L4b 

viewing Jj j>b apLJi <_jjUp ( _ r ^p j*—^ jja ^JJl modeling ji J- ‘/ISC 
JjJJ viewing Jy*)j) #ApUi*«l ^Ju .a^LJi ujUp jjA> ^JJl 

if 

.^ujJi Js- Vjt modeling o*^jJt jjsy ^ dUij <.modeling 





OpenGL 


1 A 


g!Rot ate *()$ gITranslate *() I 

JSCiJl 3 l^ju^a jJb US' Z J^~ A?r^J 

:JUl 



j-,^:«'l US^^>- ^Ixi! ( J^JuJl ^jLw~Jl j»^ji)I (j .^La^>U tjj^L^Jl 

J l*f ; glTranslatef(0.0,0.0,-5.0) yVl fUstu-b ( <_JLJl z ) J^S-UJ 

^ i«*3rZ J ) ^jbrJJ ijj-al^il US"" y- JlA 3 {j* ^.. ^ aJ| 

: glTranslatef(0.0,0.0,5.0) r»Vl 



# £ 

! jy>\£S\ ^ IJLju a£\j ji- {T jiJ^ y 4jJj U.ijl iil 

(jljjjJl ^ t_~Jj3l J«alJ*yi Jl ( J*a (_JjI]ait l»_~)Url “bjj 

glTranslatef( 0.0,0.0, -5.0) 
glRotate( 90.0,0.0,1.0,0.0); 



OpenGL jtfiayi j iajjJ) : tMaS 




gluLookAtQyShS ^(JLiuwl 

: JhJl fl*Jl JSClit aJj Jit Ja*t) Slfjjl Ja^ ^liii Ijjfc WJ 

void gluLookAt(GLdoubie eyex, GLdouble eye/, GLdouble eyez, 
GLdouble centerx, GLdouble centery, GLdouble centerz, GLdouble 
upx, GLdouble upy, GLdouble upz); 


eye 


I j*.ISB 


center 

-» 


/ 


up 


W . ( ^Ul ex* j> y) f j* eyex, eyey, eyez aA^V' ;>a ^ 

y jsl ji)J\ Ja^ Js- ^ AjaaJ ci centerx, centery, centerz 
J^l s.UaiJl ^ sUN/! upx, upy JiC . ( JyJl jJaj ipr j ) Ijyl^Jl Aj jj 

Projection 

jl-Cysl ( J*3 . J g .til ^jJ^Jl -isLA^I Cj'^j 


!^IjJ| *CuLl> JaUL*wl 

glMatrixMode( GL_PROJECTION); 
glLoadIdentity(); 

A3 j c _? j a ^ip A^Jl^-l O^Lo-wixlJl j^lj 

. ModelView 

j AjJjJI s-L/23 j *.li JaLA^I 

orthographic -ul*sil perspective projection <s jAii JaLL-^l 

. projection 

Perspective Projection I ^ 

jlglgNft oV ^JJi . j*+&\ UiS" dj^«L$3l wUjI ^^Jr\ jiiT LJS" 

j OjUj y* <j* u p ®l£ 




V* 


OpenGL 


5.jLgJ^I jt-?s6^- ^ j£*\ Jj^ LiV j>S^I jwiJ (Ijy>l£Jl) ^»p 

.JL*SIjJl otiLj^iSlj aj j^ol S \ StS^L^I /jj 4i^ jiA Jj ^ 4jL> 

ai^LJ- (jj Jl glFrustumQ f J> I ^~U- ^^ jA 

*rcb& ajLA-i aijjLvaii j'^j j^ul^^i 





far 


: glFrustumQ ySU 3»UJl 

void glFrustum(GLdouble left, GLdouble right, GLdouble bottom, 
GLdouble top, GLdouble near, GLdouble far); 

c^jj! ^At ^Asr jjdJ- £sk^*s left,right,bottom,top,near, far ^ ^Lb^A 

xz J 3jjJt Ji>- 5jjlj c^AJl gluPerspectiveQ y -T iiU* 

* l 5 A^s - * x/y {jp^ <l*^**j^ 



near 


:gluPerspectiveQ yh^s ^UJl ik^\ 



OpenGL j J^ill 


V'l 


void gluPerspective(GLdouble fovy, GLdouble aspect, GLdouble 
zNear, GLdouble zFar); 

Orthographic (uLuIJl^I 4U*- Ja) -Kbuii .T 

Projection 

^ cF" Jj) • <3 {jt- «jLp La jLgii'yi y 

Jj>sJLu4) L 4jjLa^_l! Jajl ji-\ £.LioV J?ULa>V 1 ^jjJ) I jj& ^JL>d^o . 


top 


left 


K 


toward 

the 

viewpoint 


yu 

r r 


bottom 


/ > 


right 


viewing volume 


\ 


5 

far 


fUJ! JSClJ! 4J ^Ul glOrthoQ y> Jsli-Y' 0-* IJLa J fLs*2~il 


vo/'d glOrtho(GLdouble left, GLdouble right, GLdouble bottom, 
GLdouble top, GLdouble near, GLdouble far); 

viewport ijipbi 

• ®(*-^j i-§s* 4ik^> SjLp viewport 






vr 


OpenGL JjIj 


viewport 

.^^jl jU?V Ajj^ai! J?Uiil J^lS' viewport j£-io L^sl^i 
j jU»*yi diijjj .yLvsf glViewPort() 

. OaLJO* o*Ap f ^Lp 

:glViewPort() ySl fUJl J^Jl 

void glViewport(GLint x, GLint y, GLsizei width, GLsizei 
height); 

jpj *.JJ Jjjail ^ 5 j o jSj of viewport —! Jp j *-if Jjjafl V*J 

^ I ^ ^lP & j ^ * P * ** ^ ®4 Usd 

^*JJ J jjajl ^ ,. ^ ‘ ^ 4P JAM! 4 ^ I 

. jlf^'l «.Uaii JjJaJl a^j £* viewport —S 



( h w Jp ) ^p\j/n\ 

giuPerspective(myFovy, 1.0, myNear, my Far); //w/h=l -> w=h 
glViewport(0, 0, 400, 400);// w=400 ,h=400 

X JJP * Ji * »P A 4P jZip . ll 

gluPerspective(myFovy, 2.0, myNear, my Far); // w/h=2* w=2h 
gIViewport (0, 0, 400, 400);// w=400 ,h=400 






vr 


OpenGL j 


6 ^^ 4 .** -j I i ■ ■ ^ 

giViewport(0, 0 , 400, 200);//w=400 ,0=200, 20=400 


gIViewport ( 0, 0, sizex/2, sizey); 


: \ i-u viewport 


gIViewport (sizex/2 , 0, sizex/2, sizey); 

Sizex, sizey 


^ jlkj 

JH 


w 


o.o 


Sizex/2,0 


2 udUai 

g.I«r^flJ <X^Jl ^JgjaJl ^Jl 4iU^V^ 

: JUi JxJuil <3 L^S - " ^6 Ji ^>- uJv dXt&s, 



, /y® 4 j jA jp£* j+p'CS' 4.11^1 (3 

^ ^jg,.,aJl jSCjiJl 

void glClipPlane(GLenum plane , const GLdouble * equation); 

(Sequation Ul ; ^kiSi c 3 plane jJl Jit 

Ax+By+Cz+D=0 :,y> ^kiii < 5 . (<uij *\J>\ fj sjJ-) ( 4siJl 



V £ 


OpenGL g-a ja *1 1 JJj 


glEnable( GL__ CLIP__PLANEi) ; 


-j JjLJI JjtjL 

- ) j 


gIEnab/e(GL_CLIP_PLANEI); 

* -31 jil ^UUl Ob j Jj>-I J . 5 J,] 0 

ullukj 

(J UUS c—a-l*J US” 1/C++ a*L 4>jli ola..|g~ ^Uil aJUI oUUjaiSl . i. j--\ 


• <3*^" i3 f (JjS/' 

,y 

modeling ^U£uJ 

-k^- £jJ jjajJ o*^ fZ- <jJk3J olili. jf ^ 

s-^' f a7.cpp _ulii 4^5 f^u'j application31 <^1 lUU ^sji .u-U JS” ^U- 

: a7.cpp UlLU JUl ^jJl u ^\ 


#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

# include <gl\glut.h> 
static void redraw(void); 
int main(int argc, char **argv); 
int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB | GLUT_DOUBLE 
GLUT_DEPTH); 

giutInitWindowPosition(100,100); 
giutInitWindowSize(400,400); 
glutCreate Window("draw rectangles"); 
glutDisplayFunc(redraw); 
glMatrixMode(GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 



OpenGL jlflW) j 


V <5 


glMatrixMode( GL__MODEL VIEW); 

glutMainLoopO; 

return 0; 

} 

static void red raw (void) 

{ 

float xl,x2,x3,yl,y2, y3; 

#define dra w_ triangie(xl, yl,x2, y2,x3, y3) 
glBegin( GL_LINE_LOOP); \ 

glVertex2f(xl ,yl); giVertex2f(x2, y2); gtVertex2f(x3, y3); glEn d(); 
glClearColor( 1.0,1.0,1.0,0.0); 

glClear( GL_COLOR_BUFFER_BIT\ GL_DEPTH_BUFFER_BIT); 

glCoior3f(0.0, 0.0, 0.0); 

glEnable(GL_LINE_STIPPLE); 

glLineStipple( 1, OxFFFF); 
glLoadldentity (); 

gITranslatef (-15.0, 0.0, -70.0); /* viewing */ 
draw_triangle(-5.0,-10.0,-10.0, -20.0,0.0, -20.0); 

/J, ^ v .2 ■ 1 " l i J 

glLineStipple(l, OxFOFO); 

gILoa dlden tity(); 

gITranslatef(10.0, 0.0, -70.0); 

draw_ triangle(5.0,-10.0,0.0, -20.0,10.0, -20.0); 

// c5jL-Ji j 

glLineStipple( 1, OxFOOF); 

glLoadldentityO; 

gITranslatef(-10.0, 0.0, -70.0); 

glScalef(1.5, 0.5, 1.0); 

draw_triangle( -5., 10.0,-10.0,0.0,0.0,0.0); 

glLineStipple(l, 0x8888); 
glLoadldentityO; 
gITranslatef(20.0, 0.0, -70.0); 
gIRotatef (90.0, 0.0, 0.0, 1.0); 
draw_triangle (10.0,20.0,0.0,10.0,20.0,10.0); 
gIDisable (GL_LINE_STIPPLE); 



vn 


OpenGL JA 


gluts wapBuffers(); 

} 


: jLll JSksJl jj*Ud jjLJI jjsdl JLi; 



iL&Lw dj£ (jl& gk£ £$k« t£ukj 

5/Jl % ^Jg^S ^jas j ‘LSCL* 5j5^ 

^aJ! 4-j^I ^ a8.cpp i_i!il w y^‘\j application32 at’I LL-k? .^L^l 


: a8.cpp (_iiil ^ J,k)l ^jJl 


#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#include <gi\giut,h> 

#include <gl\glaux.h> 
static void redraw(void); 
int main(int argc, char **argv); 
int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDispiayMode(GLUT_RGB 1 GLUT_DOUBLE 
GLUT_DEPTH); 

giutInitWindowPosition(100,100); 
glutlnitWindo wSize(400,400); 
giutCreateWindow("draw Part of sphere"); 
glutDisplayFunc(redraw); 





vv 


OpenGL jlgiaVI j : ulU!! 


glMatrixMode(GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode(GL_MODELVIEW); 
glutMainLoopO; 
return 0; 

} 

static void redraw(void) 

{ 

GLdouble eqn[4] = {0.0, 1.0, 0.0, 0.0}; /* y < 0 */ 

GLdouble eqn2[4] = {1.0, 0.0, 0.0, 0.0}; /* x < 0 */ 
glClearColor( 1.0,1.0,1.0,0.0); 

glClear(GL_COLOR_BUFFER_BIT\GL_DEPTH_BUFFER_BIT); 

glLoadIdentity(); 

g!Translatef( 0.0f,0. Of,-100. Of); 

glColor3f(0.0, 0.0, 0.0); 

glClipPlane (GL_CLIP_PLANEO, eqn); 

glEnable (GL_CLIP_PLANEO); 

glClipPlane (GL_CLIP_PLANE1, eqn2); 

glEnable (GL_CLIP_PLANE1); 

gIRotatef (90.0, 1.0, 0.0, 0.0); 

auxWireSphere(30.0); 

glutSwapBuffers(); 

} 

-L&Uivxl jjii 
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OpenGL JAi 


igtMuil I j* Hall I 


iw^jL&P ^jm^S' Oj^~ ^ f" U"^* 1 1 v - ~F^ ^lp 

application33 4r“l ILjsj ^j) . <pLJi i—>jUp £» J_p- jUit jj apLJi 

: a9.cpp ^ilil (y^= JbJl jZ jJl ^ a9.cpp t-ilii w ?^Jlj 



#include <windows.h> 

#include <gl\gl,h> 

#include <gl\glu.h> 

#include <gl\glut.h> 

#include <gl\glaux.h> 
static int year = 0, day = 0; 
static void redraw(void); 
int main (int argc, char **argv); 
int main (int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB \ GLUT_DOUBLE 
GLUT_DEPTH); 

glutInitWindowPosition(100,100); 
glutInitWindowSize(400,400); 
glutCreateWindow("draw Solar System"); 
glutDisplayFunc(redraw); 
glMatrixMode( GL_PROJECTION); 


gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode( GL_MODEL VIEW); 
glDepthFunc( GL_LEQUAL); 
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glEnable( GL_DEPTH_ TEST); 

glutMainLoopO; 

return 0; 

} 

static void red raw (void) 

{ 

glClear(GL_COLOR_BUFFER_BIT\GL_DEPTH_BUFFER_BIT); 
gILoa dlden tity(); 
glTranslatef( 0. Of, 0. Of,-100. Of); 
glColor3f(1.0, 1.0, 1.0); 

auxSolidSphere(lO.O); /* ^j*/ 

gIRotatef ((GLfloat) year, 0.0, 1.0, 0.0); 
gITranslatef (20.0, 0.0, 0.0); 
gIRotatef ((GLfloat) day, 0.0, 1.0, 0.0); 
glColor3f (1.0, 0.0, 0.0); 

auxWireSphere(3.0); /* ^V 

day = (day + 10) % 360;/* J j>- ^^ ol jjj */ 
year = (year - 1) % 360;/* J y~ i-S jl */ 

glutPostRedisplayO;/* o' J~\ Jc jlW'y) ^j SaU-i J*-f ^ */ 

giutSwapBuffersQ; 

} 
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A» 



JmaJI ^ jrU>u/^il lu&Ij jljji 

(_iill <u^? ^ijtj application34 <u?“l U^Lt ^j! . apLJi l_jjUp L _ r ^p 
jJ6 f <. 4 (jitWJ ^Ul a6.cpp (_iUii jjaJi £~ji f alO.cpp 


d^JLxj j5-T Jju ^jit j u.j<£ll Oi jji AjjI^j j»^?ssj 0*i j^sail w3jp . ^ 

.include 

#include <gl\glut.h> 

static int rtri=0,rquad=0;// S-ujJr! s^Jbdl 

Jb\ ^mi j $.Jb <UJbu Jm 3 A*dlj)l ^jil jljji <U~ U j J<AP . t 

glRotatef(GLfloat(rtri),0. Of, 1. Of,0. Of);// Soj-u- ^Lj 
glBegin(GL_ TRIANGLES); 

: p~*>j s-vb <U~U? J«3 uMjji d ^Uj Jjp . T* 

glRotatef(rquad,1.0f,0.0f,0.0f);// W^" 
g I Beg in (GL_QUADS); 

«.LgSi*jJi *U* SjUjl OUJUsli UL&\ . t 


glEndQ; // a;U 

rtri+= 1; // ■b*'i ^A1 ut3 jjI j S^bj 

rquad-=2; // ja Y v*£il uijj-s ajjIj 
glutPostRedisplayO;// aT_^ 4 jot j-J*; 
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:cMl life j 

4 * j ¥ ptfOA > 
jl^Ial AmV ^ 

WullukJ > 

♦♦ ♦♦♦ 







A£ 


OpenGL g-a j±a! 1 


*uv ^ 

(3 ^ IajIpal^i OpenGL oy^>rj .»)g«< 

^ (*■*: OpenGL y\j\ ^ apj^-4 jL^^I a^jV . Display List jL$Jp^I 

. Js-V J^f 

:jL^pV' J dj& tgJUl t» 

isy^~ jigip'yi A^j'y ji a^ij*>ui (j juU^Jt j,_j Ja3i ^.U; ~up 

ot«.lpJ^Vlj Aji Ul c a^j*>UI (j sjjstil OpenGL j*\ oWIpj^i Jp 

* 

(J?i ^ a» ^ , g ) j^JwJ C++ 4*J) oUJj 4j 

. ^JS- jlJ UjJLP oV$J j* L&Jl>-lj ^J| 

oOjwbr 4 j>J^ £,LxJ|j jLgJi?} 2 j>JV CjoCJ V 4j>J*>Ui AJ^J jl Jjju 

. jlj-U As>zJ % )j J 


t>° v * o <» ) I 3 (jjptiU <Uj 19 OpenGL > 013 ! JS vLuuuuJ 
QJjjau jjiLou \J >ol£ JSLiiju3 .jlgJbVI J>ta 

Ju&i v_S'jJI jjo^I 3 I g>l_>xx^ JcuLuj 3 j>oJ v_suJI _>ol 3 \Ji 
dlsb Jlo OaCJujjuI lij . jlpJol 4aJVI qjoJo Ajo^9 
sS j$9 ^jSblu . V . o .LjLjua S jlgJbJ ctPejV cLu JulC _>x>( 3 VI 
> 013^1 i_sJL LcxjS />JJu .jlgJb\i| Ppej\J usvS u_p*J ^3 
PXlV iJvS ^u&j \J i^SvJiJI 

i( ti>\) IfJL: ^S^juluI V-S^aJI OJl|JL*JI Jjol^ 

glDeleteListsQ , gllsEnabledQ 
,glFeedbackBuffer() , gllsListQ , glFinish() , 
glPixelStoreQ , glFlushQ , glReadPixelsQ , 
giGenListsQ, glRenderModeQ, 
glGet*(), giSeiectBufferQ 



jtfSaV! J 


Ao 


^LwJ| 

4j jJj 2 .ll j^lj'Vl ^ji jLgi^Vi ^.LiJj j*-2j 

:jljis>Y' V-W s'>*V f^' • glEndList j gINewList jy' 

void gINewList (GLuint list, GLenum mode); 

<y> mode k>J cJIS' lit .jW^V* k.j <~kj*> ^j -list 

lc-JlS' lil L»l . j-yLJ l) ji 4 ^sj“>U! (3 £-s^jjj j»-s- GL_COMPILE 

jL^V! *~*V j D/j r l/Vl Juki GL_ COM PILE_AND_ EXECUTE 


void glEndList (void); 


iU P l^ r UJl j£iJl 


£ 

i^l 6 jujl> £ 12«j\L sJuJI JjlS cijajV Jflwti slgjJ 

o*j glNewListQ si.pAH sIca^I c^Joj ^ 

A A 

sSi^j. glEndList() $ g!NewList() ^‘[pAJI 


jJ$j ^1 qjJMJI JUcI J+9 glNewListQ dc u >J 
. GL_INVALID_OPERATION IkdJI 



jLgjs*yi ^jI^1p ^ 

• i j j) t ^J|<? * 11 Lj J 

drawCircle() 

{ 

GLint i; 

GLfloat cosine, sine; 
glBegin(GL_POLYGON); 
for(i=0;i<100;i++){ 
cosine-cos(i*2 *PI/100.0); 
sine=sin (i*2 *PI/100.0); 
glVertex2f(cosine, sine); 
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A1 


} 

glEndQ; 

} 


uLj>- i ^z. “Uls t 5 ^Ji-Ul L^-i ^ a j* ^ ij ^4* »1 -Ipuu-I -Up 

# 3Jt*3 j>p d-Ulill £j! y$\ 

5^-jJ -Up a-U>-lj a y* k_jL—#.1 ^»r! j»-U 4jli cjl^Js^ft a^J') i! -Up L»l 

a^ji-UL j^>L—Ji . W>U! (J§ ,-»--< ? i^ by£- ^ 


#define MY_CIRCLE_LIST1 
buildCircleO 
{ 

GLint i; 

GLfloat cosine, sine; 

glNewList(MY_CIRCLE_LIST1, GL_COMPILE); 
g I Beg in (GL_POLYGON); 
for(i—0;i< 100;i++){ 
cosine=cos(i*2 *PI/100.0); 
sine=sin(i*2 *PI/100.0); 
giVertex2f(cosine,sine); 

} 

glEndQ; 

glEndList(); 

} 


£.!,>! ^1p 3o.o.,,g a OpenGL i) ot ^ 

t jl&l J giRotateQ J^> i»~~j _/*f -up Jul! ^ 

p ^ ^ 

^ 43^ip (Jj)v2J>cjJ C^UL^wi-i l)V Us>j^>b-L» 

43 j'° A .^ A p-^1 4-Jl3 C 4 >=jV ^3j>s_Xa<*jL L«i ,^4Jill* 4 -lK-j ^7 

.jlg-Ul ^ MjlpwlX^i *AjLP i 4_P^**o JllJU j &9 4-jL^-Ji 



AV 


giljl : j» J-aifl 


Ml 

: JUl ^UJl j£iU! d-lk 3UI glCallList( ) ^IsJ! *U-^L jL&y il? 
l/o/'c/ glCa/IList(GLuint List); 

jVI -AiX> c L/'st Ja***^ib £jlx)l I-Aa -UL> 

. a>o*>U1 3 y 


\JjuO ) Jjcpfcj JJ0I3! sLcJUjuuIj LuCx9 li>] - ) 

jj$j jjoI 3 \JI &i& ols ( Modeling 

£iUaa£U 

. cUl>\UI oLo^jujjJI ^jJLc 

!U! 

oUIcJlLjujI ^jJLc LoJuuC “T 

jjLfSi; ^jJj lS^j l^jl9 « cJl> O^J^^lLo cUx*9 ^jvS 


^L^feJ\JUI lp-*3 -laJu 6 jjo uSvB cJbJI o\i3^Ljo cUoui* 

c^2ej\j Jla-QJu /xju Ol JlSj oIj^SjJI 0JLQb jjOuLjuuuj < 


.jlfJo\JI 


i^vj L^Ju^j>J 3 gjb ^IgJbJ cLaaJL/J ijSjOJ "T 


^oJ li>{ jlp-byi tJ&Mjj /»uu US . gjb 


. cU q^UI OpenGL JL^j v_9\Jb| 



ji^y i jui>j j« >i»ii 

• *A> 3 A^sj'y i—* 

'■ b-i I A>xj^i -LLP ‘ ■ 

. <L»JL5 : tl*i~« jL^Jal 2j>zJ^ ^^a JllJU J ^tjL^sJUu'yi 

glIsList()j jip JJi -tJ glGenLists() fUs=^»l ^£c ■ 

: glGenLists() J£aJI. ^Usti^VI .aJ J^- 5 ^ '■>! W 

GLuint giGenLists(GLsizei range); 

kaj^L^> jj. aL~L~sa jl^>\ 4 s>jy aJit ja range (_/*-*&£ 

GLboolean glIsList(GLuint list); 

. False j jW^i JJ-aS" » JJjJi 015 ” lit True jl*j 




AA 


OpenGL JA J 


J**- ^Ji^j ja aJI^» 4Pj^ l314 glDeleteListsQ ySl\ ■ 

. ij* yA aJ^I dJLft 

gIDeIeteLists(GLuint list , GLsizei range); 

. //st JJjJl oli 3L>J^Ul ja jLftl range - 3^4 

: aJUJI oVU-I 3 ^ aJU* 3^1 jl^Vi ^ ■ 

. texture maps jJ JaJl 3 ^> • 

jli Luvjj ^oLc j o^Ls^^ll Ajiii>cil oI^I^Lp^! JjwUiSl • 


Display Lists guty 

^ dwlP L5^ 


— ———vt- r ^ ^ r ” 

0 A-^JjLA aLc«J-^ y * ^2 (y+J*&-A \ dwlP L5^ 

r cJiiJi j.i^— \\ 3 j 3 ^ 3j ‘^*"1 j Jj s 

_r ^3 Top iS 4*-^ A^r Jl jjJj oLxSJll . 1 j oL*SC* 


(JJ l ^-N^ JUI j P * * * i \ t 

J Top iS J«JJl A^rjJi jjJj oLxSJll . IoL*SC* 

£ ^ £ 

jkkl #.ljA r_ r iJj t all.cpp (Jklil w ^'tj application41 «"l li~k 


t jjaA 


lAJllil d**l^jakl ^ 4 koJi> Ail«L' 
;aJIi1( cjUj jjcit ^ 

GLuint box,top,xloop,yloop; 

GLfloat xrot,yrot; 

U. &4M #jTlAJl j w}Ul jjyiz jlki jl j^yS box,top OVj»kl j 


^»o>ci~o Ijjs 4j . 4^.LiJ! y oU*£ll yjj jlSk jba^J xloop,yloop oV_pkl 

• x f y J j*~ y. 3 ^ xrot,yrot oV_pkI 








Oljii 4i j A ^Jsl£ yo . Y 


A3 


3 <LJ ^a 


oijJ^yi) oL*^ii ^ ^2-^ 1^3 <U~J JT Jl^-C 


: JU! JS^iJU (Jjjtc 4 tjli;^ tj^-i LS 

static GLfloat boxcol[5][3]= 

{ 

{1. Of’ 0. Of, 0, Of}, {1. Of, 0.5f, 0. Of}, {1 .Of,l. Of, 0. Of}, {0. Of, 1. Of, 0. Of}, {0 
.Of,1.Of,1.Of} 

}; 

«.Ljj jtfisVi wV GLvoid BuildListsQ .r 




; main ^31 3j»cj^J! jLo sLpai*>» 1 . t 

BuildListsQ; 

jlg-i^l ^Ipo^-L oL*5o.i ^j. redraw h\sif,o 

.glCallList(box) 

:(,all.cpp till') J«iaa5' 'ji y jJl jaA\ ^Ai 

#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#include <gl\glut.h> 

GLuint box,top,xloop,yloop; 

GLfloat xrot,yrot; 

static GLfloat boxcol[5][3]= 

{ 

{1. Of, 0. Of, 0. Of}, {1. Of, 0.5f, 0. Of}, {1 .Of,l. Of, 0. Of}, {0. Of, 1. Of, 0. 
0f},{0.0f,1.0f,1.0f} 

}; 

GLvoid BuildListsQ; 
static void redraw(void); 
int main(int argc, char **argv); 
int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB \ GLUT__DOUBLE | 
GLUT_DEPTH); 




OpenGL ^ JjJj 


n. 


glutlnitWindo w Position (100,100); 
glutInitWindowSize(400,400); 
glutCreateWindow("draw 15 Boxes"); 
glutDisplayFunc(redra w); 

BuildListsQ; 

glMatrixMode( GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode(GL_MODEL VIEW); 
glutMainLoopQ; 
return 0; 

} 

GLvoid BuildLists() 

{ 

box=glGenLists( 1);// box a*->jj WMJ jJ- JJ:> jJ y 

glNewList(box, GL_ COMPILE); // ^1\ 1*4% 
glBegin( GL_ QUADS); 

// JjL-Jl A^r ^Jl 

yyo k" ■ y~ a^ 

glNormal3f( 0.0f,-1.0f, O.Of); 
glVertex3f(-1.0f, -l.Of, -l.Of); 
glVertex3f( l.Of, -l.Of, -l.Of); 
glVertex3f( l.Of, -l.Of, 1.Of); 
glVertex3f(-1.0f, -l.Of, l.Of); 

yy a*- 

glNormal3f( O.Of, O.Of, l.Of); 
glVertex3f(-l.Of, -l.Of, l.Of); 
glVertex3f( l.Of, -l.Of, l.Of); 

glVertex3f( l.Of, l.Of, l.Of); 
glVertex3f(-1.0f, l.Of, l.Of); 

yy ast 

glNormal3f( O.Of, O.Of,-l.Of); 
gIVertex3f(-1.0f, -l.Of, -l.Of); 
glVertex3f(-1.0f, l.Of, -l.Of); 
glVertex3f( l.Of, 1.Of, -1.Of); 
glVertex3f( l.Of, -l.Of, -l.Of); 

yy a>t 








giNormal3f( l.Of, O.Of, O.Of); 
glVertex3f( l.Of, -l.Of, -l.Of); 
glVertex3f( l.Of, 1.Of, -1.Of); 
glVertex3f( l.Of, l.Of, l.Of); 
glVertex3f( l.Of, -l.Of, l.Of); 

// i, • a 11 

glNormal3f(-l.Of, O.Of, O.Of); 
glVertex3f(-1.0f, -l.Of, -l.Of); 
giVertex3f(-1.0f, -l.Of, l.Of); 
glVertex3f(-l.Of, l.Of, l.Of); 
glVertex3f(-l.Of, l.Of, -l.Of); 
glEnd(); 
glEndListQ; 

} 

static void redraw(void) 

{ 

glClearColor( 1.0,1.0,1.0,0.0); 

glClear(GL_ COLOR_BUFFER_BIT\ GL_ DEPTH_BUFFER_ BIT); 
for (yloop=l;yloop<6;yloop++) 

{ 

for (xloop=O;xloop<yloop;xloop++) 

{ 

glLoadlden tityQ; 


glTranslatef( 1.4f+(fioat(xioop)*2.8f)~ 

(float(yloop)*1.4f),((6.Of- loat(yloop))*2.4f)~ 

7. Of,-20. Of); 

glRotatef(45. Of-(2. Of*yloop) +xrot, 1. Of, 0. Of, 0. Of); 
glRotatef(45. Of+yrot, 0. Of, 1. Of, 0. Of); 
glColor3fv(boxcol[yloop-l ]); 
glCallList(box); 


} 

} 

glutSwapBuffers(); 

} 
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Quadrics uk^Ujil ^j£Lte l^UAj^Ua 


d^Ljplj jJl ^lt-L>sJ^lj ^ a yb ^ ^£?^ 1 ^ 4-^-\JL& j-v^bp J ^lp ^Jl^xJLwv 

UlLI! 4-u^ t 5 ^°'j app!ication42 ^ UJ^ .GLU ^xSCllj Quadrics 

i jj }&1 43 1 a,& 11 * 1 i ^ *i i al2*cpp 


C»VytJ a^j (j ^ai . ^ 

GLUquadricObj * quadratic; 

.Lgjf"j jljit <LpbjJl U*Jl 5j^liUl (j l) 1^1 tj-ij-* i_ij*j 

^^a-v? “LOlx!) 4_<»-J-*.b t ^3y> 4jS^ljJl (Jj ^kj J J Jjjbkl j-i^it ^ 


< 7 L/a c/ra tic=gluNewQua dric(); 


: ma/n ^4)\ ^141 


'.redraw La>J i O il* Z -' Aa«j l_«j t j » ^4 L*J 1 ^ Pi *j jJ . ^ 

■ gluCylinder(quadra tic,5.0,5.0,15.0,32,32); 





jlS) jl : jjIjD 




L^s 4 j aU^LfiJl (^Jsu^j j 5*0 Li 4^LLwJi dwLpL&ii Ail 

^1p oU^vu d l ^.ap^ 32 2" j ^wLp^ 15*0 L^pLLjI^ 5*0 

. 32 43jL~> z jj$M 

■ gluSphere(quadratic,6* 0,32,32); 

^zj L ^ wi^j^J 1 ^«ap ^ 32 Li A.J^IsJi L<k-uc*3xJ 1 5<Js*^ 5* 0 L& ^_ . ^* f-'J 

. 32 U 

■ giuDisk(quadratic,2.5,5.0,32,32); 

5.0 A ^U-i Jui i j 2.5 aJ ^UluJl >U! 

. 32 (oLlU-l ) a^ yJl oU-j^aJI ^Apj 32 aJ jjaJl ^ap j 


CUlCUjJI CLl-juJJUl^JI j-^Lsdl J^_> oLo^ls&oJI <JjQ JUjxJ 

Ala^La 

. V' ^LJI s*L> « ^LuuJI 



:(al2.cpp uilil) jJaJt 1AA J^tAji ^ j)\ ( _ r *d! 

#include <windows.h> 

# include <gl\gl.h> 

# include <gl\glu.h> 

#include <gl\glut.h> 

GLUquadricObj * quadratic; 
static void redraw(void); 

int main(int argc, char **argv); 
int main (int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDispiayMode(GLUT_RGB \ GLUT_DOUBLE \ 
GLUT_DEPTH); 

glutInitWindowPosition(100,100); 
glutInitWindowSize(400,400); 
glutCreate Window("dra w Quadrics"); 
glutDisplayFunc(redraw); 
quadra tic=gluNewQuadric(); 
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glMatrixMode( GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode( GL_MODEL VIEW); 
glutMainLoop(); 
return 0; 

} 

static void redraw(void) 

{ 

glClearColor( 1.0,1.0,1.0,0.0); 

glClear( GL_COLOR_BUFFER_BIT\ GL_DEPTH_BUFFER_BIT) ; 

glLoadlden tity(); 

glTranslatef( 0.0,5.0,-70.0); 

glColor3f(1.0, 0.0, 0.0); 

glRotatef( 90,1.0,0.0,0.0); 

gluCylinder(quadratic,5.0,5.0,15.0,32,32); 

glLoadldentity (); 

glTranslatef(-20.0,0.0,-70.0); 

glColor3f (0.0, 1.0, 0.0); 

gluSphere(quadra tic,6.0,32,32); 

glLoadldentity (); 

glTranslatef(20.0,0.0,-70.0); 

glColor3f (0.0, 0.0, 1.0); 

gluDisk(quadratic,2.5,5.0,32,32); 

giutSwapBuffersQ; 

} 





JrfAoJ) liLfe Jh ftUHitf 

uwi^ijiyi > 
Color _ index k«jj RGBA W) > 
Jgti&J 1a<U > 

^ Juki > 
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(J^ (^jOOl Jj- 4 5olji) olij-aJl £j* S-JLjk £jOsJl oObj 

ASlkJl jl A^- jii Jjk jl ) ^ji^k-1 J* cJ^J ^ djL-^ 

Jljkl JUt . 43 LU ^2j*-J^« J^k^ ^ jJ J 4-&k0 J A*i j-C. J^jjjlll ( Aj 4-^lk-l 


j c^jil ouki) OUJl ^kij (j^-l) 720nm j 390nm cw ^b*-jil 

Cj-dv^i t J^>~\ tjjj! t^^LJ C^re-wMjLj^) olyl JOwJ 

JiL« ^ji ^ji <3 < 0 jprjil j^P 01 jJVl ^ Jj wl^Jl yS (j^*Jl 01$ l£ j ^ { y A 

Aj^L****^ O.^. S **' Oil V 1 $,jj 0? SI (^JlIOj . 1^ ^^-Jl y $ ^-*a»V1 y i^J'^tl V • 01^1 

.obijsl! JT <0 j-0>S/l ^ 

JJj^k kjjU^cil ^PJj <*$1*00! J 5 4-U*- 4 00k>- £e-*^j k*AjLP 0^Ol jt^ 00*JV1 (0 


( *r^P 


.L 4 ^0j^Jl 

oVOl oU-jil Jljkl jj] jSlo J*0*$0 J^jb>s-<JJ LLb>J*l aJ*> 101 ji VI 

^^31 y c^«^V1 £•^-OkJ Jal j i^^A^tLc^o aO?^^>b_L 1 L>Vk-l ^0 ^j! Jl>-I 1 ^,j; * ^ 11 aaLwaO*! 

j*j yjj oUjll Jt>l oVU jojl J$loJl Ju> .JjjSU ^Vlj ^V! 


SyjA 


y A<* ^ c^***ja*01 









ja ub^ O'L^S" JL* j\ % i^U- au*U> J Hardware oi>^l 
SoIpj R f G,B c Vj^ 2 -®* i^L^I JjjSflj 

iu^sJi ^of (>4 jl Alpha j £• b;L>-lj) 1$-^ ^ ^j^- 

,RGBA 

^jj cu*>- RGBA Jg>o>^ U] oi j-^ jljJVS oUjj^» 

*jj Qj>*J C^>- 0jJJl (j^j! 4 A-Jj-v> 4^2^ JiC! >4 iB cG c/? ^ ^jb 

,4-J^Ujii JlS" j^ISl y 

. B cG c/? ^ ^Lv^“ 4pj^4 cJJ j^>r J Ji jy^ cTj¥ 

, 0 jJJl ^Jaj(j <jwL^-l lb»& 

J?ULJl 43 jj L*2a ,^rsj>~ yA \^ Jj yS' 4^bw>s_Ll O \j+£&sz}\ 

. 4-J 4 ^? gj J5" (J L^?^P OijiVl J 4-Jj^sJi 

4j0 Jj-a 4j?-L*Jj ( j*^o dUc 4-Jj-b^ aJ^Aj tOi* -4 f^ ^ 

, jj jJ*^U Alijli 0 /I JJb 4-Jj^yhJi -bliJi ^J^sJ 5j5jS" I JJl 

* . ^ 

L^SO: cu> 8 olS AiSjli iJ ?SJUl coJb S^Lp 4i5jiS S^IjJl yiL 

j>-\ ^t 4 JT y* 43jil d^S"liJl ;4-J4iaU j5Ci ^JlSj^- j 256 QijA 

y&t .(aL®IS*" 43 US") 1.0 ij,l (W ^) 0.0 yA B iG iR ^ 0^- 

.^7U Jjjt oJxx 1 /?=0.0, G=0.0, B=1.0 

c^JlS" 1S| L«1 0^3 o!3 4^J 0 ^5sju^ 0.0 = d-^lS" IS] 

,4j^LiJl ^1 p 0jJj A-j j-^aJl A jgtf lit yyjAZ+*i 1.0 — ^ 

^ J! # S’ 

jit 01 JH\ J^ 31 JSCio J*-*)} 1 cJjjVtj 


OpenGL JjJj 


-=\ A 


. z Blue 3 jjS 1 ' jjliij y jyM Green I jjiilj x Red y^Sfl jyil 

• 1 j*-U=> J jbj i 2 j-x'i/' Ojiit (0,0,0) oLj!-^-'yi p"j> Jy 


Green 


Cyan 



Blue Black 


: JlxllS" <JI js-ljapM yVI 

glColor3f (1.0, 0.0, 0.0); /* jU y-IU 5 jkM */ 

gIBegin (GL_POINTS); 

glVertex3fv (point_array); 
glEnd (); 

Co!or_ Index kuj RCBA k«j 

-!a-Cj RGBA 3s£ U® j'_JV y £• OpenGL *y" -««- r 

cVy 5 oLk*li ^ jjjsi ^sudl yP j ( *i~* . Color_Index 

33 jii j bitplanes obJl olj i jjfc Jj ^»L) j 


oULJi ^ ch ^ bitplane obJi c framebuffer 

0 ^<0 3 bitS La.JJP C 4j ^L® d^ljJ $ *X>? ^ . 4*J y*P 4 jgg) 

4jlLx^- <LowJj = 256 UjAj ^J C^-0^5"* 

. 4_J JT o jj£ 

—^ ^Us2j B ^0 lR —S' l ap o^Lp jl^I p a^I xJi !+***.& > 

■ (^jP'- 1 8bit cya^-SU 8bit t y^MJ 8bit 24 bitplanes 






<.greer> t red j* JS' jO y* dL>\& Js- Si y~ jil olsJl oL yu~* i-ip a yd 
JaSL*ji\ £* glGetlntegervQ yH\ <. color_index jf alpha '.blue 

GL_ALPHA lGL_BLUE _BITS .GL_GREEN_BITS <.GL_RED_BITS 

. GL_INDEX _BITS c_6J7S 

RGBAJ*^ Iko 

iB iG iR j£J obJl ob jl-w^ ^JP RGBA -I 2 JT J5 

.^ujIp oii ^ *yoj <bip c b cG _si oj^. /\ 

®colxbi L^-L ^sj 

Jl_S-0 

255 jO^ ^Upf c ^ 2 -jtU 8bits _}ji jlS" iSI 

i0/255 := 0-0 R co>LzJI c^b/j 255 ... t2 <.1 <.0 

toLJi ^op ^ >Ji jvu j . 255/255 = 1.0 c ... t 2/255 cl/255 

IjJt" dilc V (RGBA L* >4) a/pOa w .ailiS" JLef idd l.O Jil iOd 0.0 

s. } * 

cA-tsLaOwil^ Lc. cgOjOp o^ ^wl^cJLwJ^ ^1 p b)^I p ! 

aJ^-Aj y? jP j 7 ? Ss-<>Jkl 4JjLlll <jt^Op ,4 j B (>G c/? ^-*3 ^ip 

j hardware aj^Ij olxJl ^Op ^ /p 

^ ^^p Lg-5p /?GS —I 24 bitplanes o!S 4 JT of ^ 11* . si* oUl ob 

4 iO^ . a1*^ 0 15.22 m HI ion 

.2 = 4095 L^jb-vu oi^Jl ^op jp ^bJUj c o^i 





OpenGL <J^ 


^ * * 




^3 Jju jyju . 4-j yp A]sAi oil; Ob (3 c/*,/fr* 

4 j*-*aj A-Ji?UiJl c^p-cjt aJ^ y>- (J,} j* oUJ! ob y**s> 

jSLslJl (j^j. l) jJJl J ^jt-Sj U-fe (Jj^- ,l)IjJ^I Aji2y i j- s A£3i^ii JjjjVl 

. o^J Ji£ (frij js" 4 aUjL 4iljj JbJl 






























> * 1 



,i*xpj i&tj*- fz*£ Ijjl I jljJS 1 ) i^p iCo!or_Index ^UaJ J 
hardware ^jJj y^o ^^4 .yijxU oliJt <-iK j?... > 

jt-ss-s*- 0! 4096(2*2) j 2.56 (2&) py, ^jl js SjyLiiJl , <d z.ss.^-* ~[\ 

(j obu!l obJ^*w» iwU; Sit*!I »jib 4Pjij^ 2 jA j ^i!l 4^j Jt. 


. CoIor_Index 

uH^' J>jp oU 4/77 bitplanes j jUS'l ^ 2 n M jlS' lil 

.2 717 j2 n u¥. jk+eS I jJ* 

^ yyk! JslaJi jP y_^S i)aj£ JS~ d j J /?G&4 Jai J 

bitplanes jb? 0 jp=1i ^^iJi ojlc yya ajai: js" jijJ^i ^_ki ,j 

ulji^S J tjy*- li| .OIjJS'l j ^S^ii ^ ^ iSjLy 

• ,j* _/fk! oli y jdail -UliJl O'jil jScz^> 

Ccior lndex$ RGBA j^koJI jrujLu£¥l 

.j;..!?.!' 0U-U3-U 4 si^prjil Oy jy^Vi yLkP- j*jj 

Uajf .RGBA fUai OijiVi ^ j>Sl <Pj^4 Jyx ( v r S^_C (Ja*^ J*-! j* 





OpenGL g* jaaS 


^ * V 


j S^td^t j JJJa^t Ji* 4ill>J,! oljJdJt Jat-I ^ j£\ y*Ji RGBA oli 

.oUiajlj texture Jajs^ 

:3Jls)l OVU-I J 01 jJVi jtjQi Jai jLs^-l l£j: 

j jSwa> 4jU JSdd ^J*aLo b y>T-yA \jlJ$2j JJLj C^S' lit . \ 

.RGBA Ja-C j^*Jt J-§-^S/t qa 

2 n ^ Jit Jj 4^-i£ c^S^j odJt o L rjA n jow? .vij diodJ jtd" lij . Y 

. y*> J^i sit JfijT Jwl^xJOw^t di-J^ CL-AIi^- 0 

_St J2-C j! ( ^Sj<Jkt t j-« ccobjl oU yu*~« y* $diodJ jlS^ lij . V 

dJojJ jliT tij Jdait ^j-^aSI Ja-C 0^0 4JU-t OwLa J t£w?lJ J^o iv- ^ KGB/4 

jii J^jU? JsJi Jlill J—— ^^Lp) JJjiJ oLiial* 

•• ^ S- 

Jajt^i-t dJo^rdj ^J Jd» tSjd £ <J td-jA® ^^-i!t JsjT jj^O jl /Jd*. .1 

.dolij? ^JLp <ljJ lti 

s* 

la^jgd yS^lj Jdail RGBA Jajt >jj>tivd ^Lp jSJiu 

j £jilj oLviJl j JJAJi j StUsVl ^> J-^il jSd j~*dj textures v-Pi j& 




jkldiuwU jl/tfl >«V jkldJI JS&I 


'• V**? 


liXMUt)! l)jJL> 


void glColor3{b si fd ub us ui} (TYPEr, TYPEg, TYPEb); 
void glColor4{b s i f d ub us ui} (TYPEr, TYPEg, TYPEb, TYPE a); 


void glColor3{b s i fd ub us ui}v (const TYPE*v); 
void glColor4{b s i fd ub us ui}v (const TYPE*v); 




•b*s*Mib 






^ *r 


:A*jU> 31^13 oli f lij! Jl ot jJVi j»J Jjj£ JbJl JjOJUt Cw 

I 4joU2) 

■ 1 

i < 

? CjULujl £, jj l 

! ■:! 

4 

i 

j jaLdll A :} 

-1 

buUit AlualiJl jk j 
jJ^H\ 

j 

y-daxlt LiJjt 4 _^Uj1 

;! u-^Vt 

: b 

';\ 

i 1-byte integer j 

■: [ 

-128 ;j 

-1.0 

i 

127 4 1.0 

:| S 

j 2-byte integer ■; j 

-32,768 ;j 

-1.0 

.; j 

32,767 4 1.0 

i 

5 4-byte integer ■ { 

-2,147,483,648 :j 

-1.0 

;] 

2,147,483,647 4 1.0 j 

:i ub 

; unsigned 1-byte integer n 

0 1 

0.0 

; j 

255 } 1.0 

| us 

unsigned 2-byte integer 

0 5 

0.0 

4 

H 

4 

65,535 4 1.0 i| 

1 

i ui 

j unsigned 4-byte integer ; | 

0 4 

0.0 

i 

4,294,967,295 j 1.0 4 


* 127 ~128 y* <Jl^l ( j^w^ 01jJVI j^lxxJl 0 




glColorSb (-128,127 r 128); 

:0t y) 01 jlSh j^Sf ^U)l J^iJl 

yo/tf gIIndex{sifd}(TYPE c); 
void gllndex{sifd}v(const TYPE *c); 

JxllaJ k*j jaAiaitJ 


Sap jf ff/at shading) a^Ij jjL Ldl ^Uki! jf .kiU ^j : 

.(smooth shading) jA^ ubt j)_Jt 


• J^' ^t«Asia«*»U 4 jjP jit J J Uasll <L4& AjA^cj ^jii 
void gIShadeModel (GLenum mode); 

j y >VI jUM) GL_SMOOTH 0 jSC 01 ^ mode Ja-Jl yujb 


•( j-* a>-Ij jjJ ) GL_FLAT jt ( ^jJ ^jAj 









OpenGL 


> . £ 


lixL ‘n ** ■ ^"- & ^Lp 5 *^~ 4j^ij ; y . d-'*-*-*"' 1 *' 

Je gMj GLJFLAT Jikdl J=i a&l ciiil J* jJ* Oy*- j c GL_SMOOTH 
Udi! <u^5 application51 vr\ LL^U; ^j! . RGBA olJai dJliJl c-iiil 

: al3.cpp odis i y*p* J,Ul ^jJl u ^\ t^Tl f t al3,cpp 

#include <windows.h> 

#include <gl\gl.h> 

#include <gl\g!u.h> 

#include <gl\glut.h> 
static void redraw(void); 
int main(int argc, char **argv); 
int main (int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB | GLUT_DOUBLE \ 
GLUT_DEPTH); 

glutlnit Win do wPosition (100,100); 
glutInitWindowSize(400,400); 
glutCreateWindow("draw Color rectangles"); 
glutDisplayFunc(redraw); 
glMatrixMode(GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode( GL_MODELVIEW); 
giutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

glClearColor( 1.0,1.0,1.0,0.0); 

glClear( GL_COLOR_BUFFER_BIT\ GL_DEPTH_BUFFER_BIT); 
glLoadlden tity(); 

gITransla tef(-12. Of,-12. Of,-70. Of); 

/^smooth (jjJ ^jo;*/ 

glShadeModel(GL_SMOOTH); //GL_SMOOTH J=i 
glBegin(GL_ TRIANGLES); // ^ 



0 




g!Color3f(l. Of, 0. Of, 0. Of); // 
gSVertex3f( O.Qf, 10. Of, O.Of); 
glColor3f(0. Of, 1. Of, 0. Of); // jd*-\ 
glVertex3f(-10. Of,-l 0. Of, 0. Of); 
glColor3f(0. Of, 0. Of, 1. Of); // dj 
glVertex3f( 10.Of,-10.Of, O.Of); 
glEndQ; // iJsll bU 

/*fiat as-1 joy*/ 

glShadeModei(GL_FLAT); //GL_FLAT I 

glLoadldentityQ; 

glTranslatef( 15. Of,-12. Of,-70. Of); 

glBegin(GL_ TRIANGLES); // ^ 

glColor3f( 1. Of, 0. Of, 0. Of); // yd 

glVertex3f( 0. Of, 10. Of, 0. Of); 

glColor3f(0. Of, 1. Of, 0. Of); // ^T 

glVertex3f(-10.Of,-10.Of, O.Of); 

glCoior3f(0. Of, 0. Of, 1. Of); // J jjt 

glVertex3f( 10.Of,-10.Of, O.Of); 
glEnd(); 

/* RGBA ul/V! J*i flJbu-l*/ 

glShadeModel(GL_SMOOTH); 
glLoadldentityQ; 
gITransla tef(-12. Of, 15. Of,-70. Of); 
gIBegin (GL_ TRIANGLES); 
giColor3f( 1,0f,0. Of, 0. Of); 
glVertex3f( O.Of, 10.Of, O.Of); 
glColor3f(0. Of, 1. Of, 0. Of); 
giVertax3f(-10. Of,-10. Of, 0. Of); 
glColor3f( 0. Of, 0. Of, 1. Of); 
glVertex3f( 10.Of,-10.Of, O.Of); 
glEndQ; 

glutSwaoBuffersQ; 

} 



OpenGL g-ajfAll JJj 




\ wL&LJ*jd ^jjjL-wJl Axj 



(Jjiia2]| Ja^oJ 

GL^SMOOTH 


JikUi -k^ 

GL FLAT 










^ > A 











yitjUl 4 L««U£-J +y-J ‘.Diffuse ,¥ 

, jL*x» i jSLio lily yjg) diJjJ tj 

J? cjiji . J~M* «l4i j ^k-Jij jJssj'jj j Oi*-* y ‘.Specular . 1 

.100% Specular u »\£*i\ ^ bl J,! ii yki yJb STy Js- isjjJ f^bb 

iijti jiiii 

Sf-bs^ Oi yll J.^‘C J LgJl <LoLijJ) fl yb-l flf L/ 5 *yi jl jj! y*" - fi ^ 5 " 

5-by yJb^S y2>I fy> j-Ws-* ^bl <t!y“ S^ CU*-bj lit £■c^y^Vl 

byll tililC . b 5 } i]b* OjSsj yl* y*~l f.jb> j-La® J^-jj Vj ybS-'iH t -ykJl 

.uk^ specular j diffuse j ambient jiyl 
(•ili sijb> j£j ambient j_^ii £* aibk ambient ylx*ji 

.specularj diffuse —Ib-JbliSlAj 

f.y^2jl Jj! ys!yil (_5^J c£y^Vt olyJJ.1 .J-kbbi (Ji*^ ^Ubylt j-yiaJt 
ydi J^lj! jyJajl j/Lb (MR,MG,MB) ol;/il bilk Sbitj (LR,LG,LB) 

. (LR*MR, LG*MG, LB*MB) 

^tjUJl f.yiJli (R2,G2,B2) j (R1,G1,B1) «-jb> bb jlS^ tii 

. ( 7?1 +/? 2 , G 1 +G 2 , 61 + 62 ; 

4^1 diiui I 48 Lai 

.j^sLjdi y® kajjj ftdsbJl Sjtbl i_Aj yj . \ 

s i j\ $.j^p> j^ j $.LdJ] . T 

s^Uii ambient is.L>Vi ^oji ^LiJl , r 

. JsJLJj u SjJlxll j 

^ L ya-ad l* oi 2^~\ &jjb JjUnS j , jj* ^ysS Lv^>* ^t7 , 1 




OpenGL g-a jaaS JJj 


> ^ * 

U*ll AkiL> JisJ ^ktJl Axil uSjj£ . ^ 

d£,LA?^fl Aj*<±lT ^*A^; lA»&^ ^)*Ay? i» ^ */£* I dl^-l AjA*^t-J 

.£ jJ^a JS" ,j* ^kiJ J^J aL^I jjl 
jS^I jl A^-lj £jwLao £$juJJ s,LiJj . T 
^Aj>tl^il .oL4Vlj l)jJUI J^ 4 ®A^ Sf.LybV! j^U^> cli^A-C 

;5^La?VI AjAj>tii 

void glLight{if}[v](GLenum light , GLenum pname , TYPE param); 
GL_LIGHTO, GL^LIGHTl, .... or GL_LIGHT7 dj>3 o\ flight 

j£j a^J ^^4 Param Jj-A-l J US' :>a^ Pname 

.^J ~is-y>& OjA) A .pname d 


=i tiA 1 ;1 

4 *A?i j&Y\ <U»JLSl 

J^wuv 1 |V^ 1 

s.j-U ambient 0 Si RGBA v^Ul 

; 

■'} 

(0.0, 0.0, 0.0, 1.0) 

GL_AMBIENT 

5. diffuse 0 Si RGBA v_^Ul a^iJl 

(1.0,1.0,1.0,1.0) i 

GL_DIFFUSE ' 

i specular Jjxi RGBA o^Ul 2 -^' ] 

(1.0, 1.0, 1.0, 1.0) : 

GL^SPECULAR \ 

■j (x, y, z, w) tjAail oLilA^i :S 

: J........ ........................ : l 

(0.0, 0.0, 1.0, 0.0) j 

GL_POSITION ; 









11 > 



GLfloat light_ambient[] = { 0.0, 0.0, 0.0, 1.0 }; 

GLfloat light_diffuse[] = { 1.0, 1.0, 1.0, 1.0 }; 

GLfloat light_specular[] = { 1.0, 1.0, 1.0, 1.0 }; 

GLfloat light_position[] = { 1.0, 1.0, 1.0, 0.0 }; 
glLightfv(GL_LIGHTO, GL_AMBIENT, light_ambient); 
glLightfv(GL_LIGHTO, GL_DIFFUSE, lighted iff use); 
glLightfv(GL_LIGHTO, GL_SPECULAR, light_specular); 
glLightfv(GL_LIGHTO, GL_POSITION, light_position); 

>■ glEnable(GL_LIGHTING) ssLb^Y' t —£ 


y J-*ij 9 Ui!. glEnable(GL_LIGHTO) ^ c ^1 

. 2 iLJl cnljiJl glDisableQ s-Uoi^L 

; g.j yg! 1 y ul ^- 4 OLp y 

a^I jjL" aJj yy y~JL iy=o directional JjSM ^yJl 

Ji 4 y 4 jj| jjP (jlw> 

(s.jbaJl yji v~JL w <>0 5 ^J) positional ^yJ' 

,' y ~ Lyg li ^3 b jlSl 4 Li L ^*^ 4 ol ^- 4 ^j ^ 4 


JL 



// directional(w=0) #*b>yi ^y 

GLfloat light_position[] = { 1.0, 1.0, 1.0, 0.0 }; 
glLightfv(GL_LIGHTO, GL_POSITION, !ight_position); 

dbjlj 

^Lj j^LJLj U 5 ” ULc <u&lyl j 4*9^^yaSl J^L*j 

.(h\p>y j Jji Y Projection y_ j£) ModelView 5 i*yaJi 



OpenGL ^j JAa 


m 



3Jjui 


jjl SjjA^all ^Jj O^J LxjU #• ^JaJl ^*J y ijFl • ^ 

glViewport(0, 0; w, ft); 
gIMatrixMode (GL_PROJECTION); 
glLoadIdentity(); 
gIMatrixMode (GL_MODELVIEW); 
glLoadlden tity(); 

GLfloat light_position[] = { 1.0, 1.0, 1.0, 1.0 }; 
glLightfv(GL_LIGHTO, GL_POSITION, position); 

Spin jljj jljjjJi ysJS- J y- f._yii\ .lijS-O . Y 

GLfloat light_position[] = { O.O, O.O, 1.5, 1.0 }; 

glClear(GL_COLOR_BUFFER_BIT \ GL_DEPTH_BUFFER_BIT); 

giPushMatrixQ; 

glTranslatef(0.0, O.O, -5.0); 

giPushMatrixQ; 

glRotated((GLdouble) spin, 1.0, O.O, O.O); 

glLightfv(GL_LIGHTO, GL_POSITION, light_position); 

gIPopMatrixQ; 

auxSolidTorus(); 

gIPopMatrixQ; 

a^lvsl . V 

.gILightModel*() ySn £* oU tiVi UjjJ h L>! y 

Global Ambient Light ^ -AsM«.jASi -t 

^ * 

ambient Uyi ill^ J,} ambient s.y&. s.y> JT iijUo 

ambient s-yQ t-yp j-Ua* V 



GLfloat lmodel_ambient[] = {0.2, 0.2, 0.2, 1.0 }; 

gILightModelfv(GL_LIGHT_MODEL_AMBIENT, lmodel_ambient); 

isjjjz jjp jf Local *4*- Viewpoint (kjj 0l£») ~ sr* 

Infinite 



S^LuaV) • 


nr 


JLi^l 2 SdilLl C->bL*c3l ^JaJl A^?s-j jj 1j ,*3 

Sd3 4ib$^ Jw^*j c •£j33J Specular oj^il ^4Ul 

J £j-b^i jwL^> j 4^>g;Sl J A^Z;JJ ^J^bJi ^L*_d ^Jp (^1 j) aJ^JU (3 

. Viewpoint JaJl ^prjj AkzJi 

*Ja£ 3 'j Viewpoint l bj£o a^-j j 

c-^L-vj>- A-jxiij I 0jbJl 0jSC a 3^-I jj^-Jl A 1 g_?^ j (3 * aij^ *X«g-d3) 3 

jjftJl A^?r J .$jj& A^-?r J j j / 9 &****> JUilj a]sXJ J^j A^j*-j b^ 

:^JL b» wLaj a^U- c-oj^ ibj .a^^Ij^ 1 ^ a^j>-jJ! j^p 

glLightModeIi(GL_LIGHT_MODEL_LOCAL_ VIEWER, GL_TRUE); 
b jJl 4jhb3! A>&-JjLlSl Jjsj 4 3® Q2j*\£- jS- 1 A^jsr-j 

GL_FALSE 
S^Ls^l — £ 

Jl^2j2j .^iJjP ji ^®L«I Aj>rj C-jIS"* ^.ij-'-*' oUL/?il ^wo3r -dbJ oUL^>- 

^ . 

. JtSCdo ^Uaj dS Lbajij jll j^P Ajs^-jJI &£.bb?} ^dP 


JL 



gILightModeli(GL_LIGHT_MODEL_TWO_SIDE, GL__TRUE); 

4 -b 1ft ,^*13 dj>b j As*-j a* lb?} U^jl iil Id , jJl S^bb?} j*dj (Jbiil 3 

. GL _ FALSE ■ j-^ aJLL^J! 4^3*31 djbis 

d^-bdi 3 j-*A?b*Jl 3 j i 

specular j diffuse j ambient ol Jb ^jdl ^l^ii L* 

,C^» £j-b? 3^ ^bJl jj-Uij olx^JJlj 

, -J ^(3 a < J I djd^s3 f*dj*s^ww»3l 

void glMaterial{if}[v](GLenum face , GLenum pname, TYPEparam); 



OpenGL 


> > £ 


ji GL FRONT j c *u1p o^lll j«/?;*'! (J*Aj ifaca 

GL__FRONT_AND_BACK j\GL_BACK 

y 0^' Jj-Ori cw- param ti oii*( Jaj-'j) i -0 :Pnam6 

.Pname -J ^Ji 




.^U_U ambient by 

i ro. 2 , 0 . 2 , 0 . 2 , i.oj 

GL_AMB1ENT 

.aoUJ diffuse 0 jJ 

: fas, as, as, i.s; 

GL^DIFFUSE ; 

.ooLJJ diffuse j ambient 0 ji 

;j 'i\ 

G L_A MBIENT_AND__ DIFFUSE ; 

i aoUJ specular 0y) 

j (0.0, 0.0, 0.0, 1.0) 

GL_SPECULAR 

■ ©oLJj specular 4gjg;ll jt*l 

0.0 

GL_SHININESS ' 

ooLJJ j 

\ (0.0, 0.0, 0.0, 1.0) \ 

GL_ EMISSI ON 

ambient, diffuse, and specular — S OjJJl j (0,1,1) 

■ t ■ j ■ 1 

GL_COLOR_INDEXES 


30&.f 

jU ambient,diffuse ji»ld djjjt 0j). ^ 

GLfloat mat_amb_diff[] = { 0.1, 0.5, 0.8, 1.0 }; 

glMaterialfv( GL_FRONT_AND_BACK, GL_AMBIENT_AND_DIFFUSE, 

mat_amb_diff); 

. jetted 01*1 £» specular «kd j&J\ OjJ.T 

GLfloat mat_specular[] = { 1.0, 1.0, 1.0, 1.0 }; 






> ^ o 


GLfloat low_shininess[] - { 5.0 }; 

glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular); 

glMaterialfv(GL_FRONT, GL_SHININESS, iow_shininess); 

. L>ji .T 

GLfloat mat_emission[] = {0,3, 0.2, 0.2, 0.0}; 
glMaterialfv(GL_FRONT, GL_EMISSION, mat_emission); 


£$t ioa dji jftw) 

4 £“\ ' . 45.L/5*yi 8£.Ly2^ 0jS”" 

J,Ui ,jZjS\ u o3i\ s ^s'l f i al4.cpp uiiil application61 

: al4.cpp .-Alii 


#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#include <gl\glut,h> 

#include <gl\glaux.h> 
static void redraw(void); 
int main(int argc, char **argv); 
int main (int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB \ GLUT_DOUBLE 
GLUT_DEPTH); 

glutInitWindowPosition(100,100); 
glutInitWindowSize(400,400); 
giutCreate Window("Sphere Lighting"); 
glutDisplayFunc(redraw); 
glMatrixMode(GL_PROJECTION) ; 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode( GL_PROJECTION); 
glMatrixMode(GL_MODELVIEW); 



OpenGL 


glutMainLoop(); 
return 0; 

} 

static void red raw (void) 

{ 

GLfloat mat_specuiar[] = { 1.0, 1.0, 1.0, 1.0 }; 

GLfioat mat_shininess[] = {50.0 }; 

GLfloat light_position[] = { -20.0, 0.0, 0.0, 0.0 }; 
giClearColor(1.0,1.0,1.0,0.0); 

glClear(GL_COLOR_BUFFER_BIT \ GL_DEPTH_BUFFER_BIT); 

glLoadIdentity(); 

glTranslatef( 0. Of, 0. Of,-100.0); 

glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular); 
glMaterialfv(GL_FRONT, GL_SHININESS, mat_shininess); 
glLightfv(GL_LIGHTO, GL_POSITION, light_position); 
glEnable(GL_LIGHTING); 
glEnable( GL_LIGHTO); 
auxSolidSphere(20.0); 
glutSwapBuffersQ; 

} 

: Jllii JjLjl J~Jsdl iii 





n v 


Modeling utysti «>Ui^ub spa d)^ 

1 £g-£ol • f-yP jZJ^J '—^-j^~ 1 TOrUS Sjlb |«^xj ^gip 

JU)| ^j)s ^/dl v^ 1 f ‘ al5.cpp ddi 41^5 fg^Jij applicatior>62 «*l 

: alS.cpp <Jdl 

#include <windows.h> 

#include <gl\gi.h> 

#include <gl\glu.h> 

#include <gl\glut.h> 

#include <gl\glaux.h> 
static void redraw(void); 
int main(int argc, char **argv); 

static int spin = 0;//«*U»V 1 y.j-x k j'j 

int main(int argc, char **argv) 

{ 

giutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB | GLUT_DOUBLE | 

GL UT_ DEPTH); 

glutInitWindowPosition(100,100); 
glutInitWindowSize(400,400); 
glutCreateWindow("move lighting’’); 
glutDisplayFunc(redraw); 
glMatrixMode( GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode(GL_MODELVIEW); 

glEnable(GL_LIGHTING);//h^ s i > J*~L' 
glEnable(GL_LIGHTO);// lightO *J-i” 

glEnable(GL_COLOR_MATERIAL);//glColor JbU S^lii OjJ /b 

giutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 
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GLfloat position[] = { O.O, 0.0, 1.5, 1.0 }; 
glClearCoior( 1.0,1.0,1.0,0.0); 

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT) ; 

giPushMatrixQ; 

glTranslatef( 0. Of, 0. Of,-50.0); 

giPushMatrixQ; 

gIRotated ((GLdouble) spin, 1.0, 0.0, 0.0); 

g I Rotated (0.0, 1.0, 0.0, 0.0); 

gILightfv (GL_LIGHTO, GL_POSITION, position); 

g/Translated (0.0, 0.0, 15.0); 

gIDisable (GL_LIGHTING); 

glCoior3f (0.0, 1.0, 1.0); 

auxWireCube (1.0);// ^,*-* s. Ja *j 

glEnable (GL_LIGHTING); 
glPopMatrixQ; 
auxSoiidTorus (2.75, 8.5); 
glPopMatrixQ; 
spin = (spin + 3) % 360; 
glutPostRedispiayQ; 
gluts wapBuffersQ; 

} 


: Jtxil jSLiJl JjLJI j-Jaxil Uu 


SplwaVI : (jduJluJ) 


'l 'i ^ 


dtkU iIttM UJ&A fltilj 

C ^jLllj A>~ 4-lp OS.lv?i ^i-P 

<UJ^t 1 <?^.)?T *^JL>! . Ss-lv?*^! Jj..)g7 ^stL F ^llail hi.s*< L»-AiPj t ss-lvs*^) J;;^~ L 
^ J^' (^srjJi u^Jl s~3l f t al6.cpp i-iii! 4w> tr^'j application63 

: al6.cpp cJlLLi 


#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

# include <gl\glut.h> 

#inciude <gl\glaux.h> 

GLfloat LightAmbient[]= { O.Of, 0.5f r 0.5f, l.Of}; 

GLfloat LightDiffuse[]= { l.Of, l.Of, l.Of, 1.Of}; 

GLfloat LightPosition[]= { O.Of, O.Of, 20. Of, l.Of}; 

static void redraw(void); 

int main(int argc, char **argv); 

void keyboard ( unsigned char key, int x, int y );//^[A\ ^} ^ju. 0 * 
int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB \ GLUT_DOUBLE \ 
GLUTJDEPTH); 

giutInitWindowPosition(100,100); 
glutInitWindowSize(400,400); 
glutCreateWindow("draw Lighting rectangle"); 
glutDisplayFunc(redraw); 
glMatrixMode( GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode( GL_MODELVIEW); 

glLightfv(GL_LIGHT1, CL_AMBIENT, LightAmbient); // Ambient jIjlpI 

glLightfv(GL_LIGHT1, GL_DIFFUSE, LightDiffuse); // Diffuse iUpl 

glLightfvfGL_LIGHT1, GL_POSITION,LightPosition); // 
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glEnable(GL_LIGHTl); // LIGHT1 

glEnable( GL_ COLOR_MA TERIAL); 

glutMainLoop(); 

return 0; 

} 

static void redraw(void) 

{ 

glClearColor( 1.0,1.0,1.0,0.0); 

glClear(GL_COLOR_BUFFER_BIT\GL_DEPTH_BUFFER_BIT); 

glLoadIdentity(); 

glTranslatef( 0. Of, 0. Of,-l 00.0); 

glRotatef(45,1. Of, 0. Of, 0. Of); 

glRotatef(45,0. Of, 1. Of, 0. Of); 

gIBegin(GL_QUADS); 

// 

glCoior3f( 1.0,0.0,0.0); 
glNormal3f( O.Of, O.Of, l.Of); 
glVertex3f(-l 0. Of, -10. Of, 10. Of); 
glVertex3f( 10. Of, -10. Of, 10. Of); 
gtVertex3f( 10.Of, 10. Of, 10. Of); 
glVertex3f(-10.0f, 10. Of, 10. Of); 

// J&.\ 4^1 

glCoior3f( 1.0,1.0,0.0); 
glNormal3f( 0.Of, 0.Of,-l.Of); 
glVertex3f(-10.0f, -10. Of, -10. Of); 
glVertex3f(-l 0. Of, 10. Of, -10. Of); 
glVertex3f( 10. Of, 10. Of, -10. Of); 
glVertex3f( 10. Of, -10. Of, -10. Of); 

// 4 * 

glColor3f(0.0,1.0,0.0); 
gl Normal3f( O.Of, l.Of, O.Of); 
glVertex3f(-l 0. Of, 10. Of, -10. Of); 
glVertex3f(-l 0. Of, 10. Of, 10. Of); 
glVertex3f( 10. Of, 10. Of, 10. Of); 
glVertex3f( 10. Of, 10. Of, -10. Of); 

glColor3f( 1.0,0.0,1.0); 



if'LuaVI i 




glNorma 13f( 0.0f,-1.0f, O.Of); 
glVertex3f(-l 0. Of, -10. Of, -10. Of); 
glVertex3f( 10. Of, -10. Of, -10. Of); 
glVertex3f( 10. Of, -10. Of, 10. Of); 
giVertex3f(-10.0f, -10. Of, 10. Of); 

//^l 4*^1 

glColor3f(0.0,0.0,1.0); 
glNormal3f( 1.Of, O.Of, O.Of); 
glVertex3f( 10. Of, -10. Of, -10. Of); 
glVertex3f( 10. Of, 10. Of, -10. Of); 
glVertex3f( 10. Of, 10. Of, 10. Of); 
glVertex3f( 10. Of, -10. Of, 10. Of); 

// A* jJt 

glColor3f(0.0,1.0,1.0); 
glNormal3f(-1.Of, O.Of, O.Of); 
glVertex3f(-l 0. Of, -10. Of, -10. Of); 
glVertex3f(-l 0. Of, -10. Of, 10. Of); 
glVertex3f( -10. Of, 10. Of, 10. Of); 
glVertex3f(-10. Of, 10. Of, -10. Of); 
glEndQ; 

glutKeyboardFunc ( keyboard ); 
glutPostRedisplayf); 
glutSwapBuffersQ; 

} 

void keyboard ( unsigned char key, int x, int y ) 

{ 

switch ( key ) { 
case 27: /* Escape key */ 
exit ( 0 ); 
break; 
case 'L': 

glEnablef GL_LIGHTING); 
break; 
case 'F': 

gIDisablef GL_LIGHTING); 
break; 
default: 
break; 

} 
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uLu&l ^Ifilint 'isiaS ^Ldb J*aiJI ^ fjxxbj Jj-Uu 

jL^'yi ^sjl ^j AjLL^Ji ^ijtil 4^r ^Jl ^3Ls^| L< jp 

application64 4jr“l UL-Jaj ^Jl LgjlW'y oL*^il diij s^L^l 

<j~k^ J,! application41 ^ aii i_iiil ^~u dUij al7.cpp (-ilil w 
<_iill Js- aJUJI JU; £ ial7.cpp udil J^p ^ application64 

: al7.cpp ill 

staf/c GLfloat topcol[5][3]= 

{ 

{. 5f, 0. Of, 0. Of}, {0 . 5f, 0.25f, 0, Of}, {0.5f, 0.5f,0. Of}, {0, Of, 0.5f, 0. Of}, {0 
.0f,0.5f,0.5f} 

}; 



dfLusVI * (j-ujLwJI 




^y> I^C, jl*ji 4>r0 ji 3-OwjS i JjLC O-^: j!jJl 43 J 6./9 A -^ju 

L jJl ^I (.^yAS' Jli j l ( ^a\£' I L<xS^ 43^ k*/^\S 4-j j# (jl^ C^LcOsJj 

.(j^Lp <JjjU J- 4 ^ 


JJ *uli J Ju)l jtfJl <-i~-iaj BuildLists() £jU)l . Y 

: ig jA*Jl **■ jJ' s-4J glEnd() 

// Top Face 

gINormal3f( O.Of, l.Of, O.Of); 
glVertex3f(-1.0f; l.Of, -l.Of); 
glVertex3f(-1.0f, l.Of, l.Of); 
glVertex3f( l.Of, l.Of, l.Of); 
glVertex3f( l.Of, l.Of, -l.Of); 
glEnd(); 

: S*U?)n J»*ix) JlsJl jaJ' <Jh& main j+o . T 

glEnable(GL_LIGHTO); 
glEnable(GL_LIGHTING); 
glEnable(GL_ COLOR_MA TERIAL); 

: redraw ^U5l • i 

static void redraw(void) 

{ 

glClearColor( 1.0,1.0,1.0,0.0); 

glCiear( GL_COLOR_BUFFER_BIT\ GL_DEPTH_BUFFER_BIT); 
for (yioop=1 ;yloop < 6;yloop++) 

{ 

for (xloop=O;xloop <yloop;xioop++) 

{ 

glLoadldentityO; // Reset The View 
glTrar>slatef( 1.4f+ (float(xloop) *2.8f)- 
(float(yioop)*1.4f), ((6. Of-fioat(yioop))*2.4f)-7. Of, -20. Of); 
glRotatef(45. Of- (2. Of*yloop) +xrot, 1. Of, 0. Of, 0. Of); 
giRotatef(45. Of+yrot, 0. Of, 1. Of, 0. Of); 
glColor3fv(boxcol[yloop-l ]); 
glCalIList(box); 
glColor3fv(topcol[yloop-l ]); 
glCallList(top); 

} 

} 
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gluts wapBuffers(); 

} 

J,Ul JSCsSJI JUkLiJ jiLJ 
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Blending 

A-Ja]2jLl! oUj 0^jJi A^a«J >J^*sJ***J c^jll ^Sj L^AAP 

(3 ibjj>rjii ajA j^JLSi ojJ (Fragment 5i>-j-*) 

jic lii l5 1p £GB Ji ^ u»> J^aiT Jlqjs .framebuffer 

AbLL^ |J^3 0 (_£jL»*J biJl A«b& Oj 15^ bj. 4^LLJiJ! <>rj5 ^JjjC LftJl XS "jii Ai-Jj 0jUl 
.IaJJ^o A-jLL>) ^ y>r j ^wLp 1*-L^3 1 iS jb*J bJl a*Jj dJlS"' bj bi AblS"* 


. ^JLLiJlj jJjdJ 1 j 0 jj^J A-Owj 

AsbbV^J k^-^rl OIjJi 0jj-lii tj*bt>-1 ^ br^) |i»^r 3?| AaP' 

* # 

Ob"^ bb ^ b-jjJ d-*b^ y>- ^Lp bLoJipi <_.aIx^- j*t2,>-' > ^ 1 0 ^-A ^>ryA 

y&> ol Ji 0 jiib (20®/o A?rj^ aS^ aJp £l£ 1 ^jl g, ja/ 2)\ yA $0®/o ji ^brjJl 

0ji ,jA 80% J dJ>yA 20% "£iy 







c_iLJai 1 j JjLaJI j £ 


UV 


>Ldii 

j*-sa!I) j-UaxJJ (Sr f SQ,Sb f Sd) ’.^ i-i-lAlj jX*s\.\ ^y J jt\jf- cJl5" IS] 

aJ J^ULdj aj jJJi [Dr,Dg,Db,Dd) j a-J^A 2 Jl J^ULdJ a*jjJJI 

A-owi jU [jbJjS'd j S L^-JIp l_3*aA1j RGBA |t-*3j jll 


A-JlgjJl aj?t jj-o-il RGBA 

(RsSr+RdDr, GsSg+GdDg , SsS^+fidD^ /4sSa-h/\dDaJ 

.[0,1] J^b ^^7 a-* 5^J5"j 

j ^JuAij jA*aii o*>Ub^ jbJL>J glBlendFunc() ^Lb^l 
^ji( jUiVj c glEnable(GL_BLEND) jj ^ ^ Vji ^jii 

.glDisable(GL_BLEND) ySl\ r Jbw-i 

y^wi js&i 

void glBlendFunc(GLenum sfactor, GLenum dfactor) 

.framebuffer d ^>y r^ii jjUi ^ fragment oji ^y ^lSC 

. 1) yiS' ^jIp Joj sfactor ■ 

. ^ Jjy dfactor • 


GL_ZERO ^ dfactor j GL_ONE j* sfactor —! ioi s^aJI 
: J,Ul (J iiyry O^-^IaII dJUl j*-Jlll 




jil 0*^1*!! 




ra o, o, o) 


j\ J-Uail 


GLZERO 


(1, 1, 1, 1) 


wJAi ! jl jjLyail 


GL_ONE 
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(Rd, Gd, Bd, Ad) 

j */9 i 1 


GL_DST_COLOR 

(Rs, Gs, Bs, As) 

t-3 wUM 


GL_SRC_COLOR 

(1, 1, 1, l)-(Rd, Gd, Bd, Ad) 


GL_ 

. ONE_ MINUS_ DST_ COLOR 

(1, 1, 1, l)-(Rs, Gs, Bs, As) 


GL_ 

ONE_MINUS_SRC_COLOR 

(As, As, As, As) 

j\ jJ-vsail 


GL_ SR C_A LPHA 

(1, 1, 1, l)-(As, As, As, As) 

4->jlA 1 ji jO^ii 

GL_ 

. ONE_ MINUS_ SR C_ALPH A 

(Ad, Ad, Ad, Ad) 

j\ JJL*ail 


GL_DST_ALPHA 

(1, 1, 1, 1 )-(Ad, Ad, Ad, Ad) 

j! Jto Uail 

GL_ 

ONE_MINUS_ D5T_ALPH A 

(f, f, f, 1); f=min(As, 1-Ad) 

jJUaii 

GL 

_ SR C_A LPHA_ SA TURA TE 


oLLjall) U> (wi-Uslj jJLysdl oM/>Uc« £y> oLS" 

, 1 -A j *d J*S I , * \ ^ 

ak.f 

,j-» »jj-^ I gi ^ J i_j 4j^j s-Ui-j'y (Jjjail l£"^| ® 

^mjj Gl_ _ ONE jA-*ail J-aUti jJioAj AjjLm*1« 




















j JLual! j ^jaI! : 


m 


^j f GL_SRC_ALPHA uiJuUj jJU*il J«- f JjSfl 

• 0.5 LiJl ^ 4-JliJl Ijj^s .Jl 

I ,*g~*.** ^ 1 , LrftS 1 0.25 £• J,jV^ ®^ 0.75 7^y <-Jb SSI ® 

0.25 LiH 5^-J aJIsJ) ft j j-i^li j»-~“j^ ^ IajL~ 4 jji L*5" 

j^iJ GL_ SR C_ALPHA 0 M.ULI 
.^a*U GL_ONE_MINUS_SRC_ALPHAj 

j GL_ONE jJ^lail jj-vs otAj ^ji ® 

—S Ujl 3^J Sjjvs J5” GL_SRC_ALPHA 

.^uSfi uui ^ j /3 u jr judi s i* ^ . 0,333333 

£.3^ ^ J 

(V ^ j*^' < 3 j>Ui u^ 5 ^ cr^° example71 Juii) 

• 0.75 Li!t 5.a..>a; Lg^4 ^ . 4j^L» “UpMJju 4*jj 1 (_^UJ) jjlil! jt 

4 ( ^ ^ { J^s\ \ {^£j\****}\ ( _ S LLJ! e)^* ]^ **-**^ 

J redraw laii J»x*j .ovj^ 1 <> g? . )g»~ ^ jLW'yi dr* (ls^ 5 ^ 

sfaf/c vo/c/ redraw(void) 

{ 

glClearColor(l. 0,1.0,1.0,0.0);//^)^ jj-b 5 . 1 ^ s_iu 

glClear(GL_COLOR_BUFFER_BIT \ GL_DEPTH_BUFFER_BIT); 
glLoadIdentity(); 
glTranslatef(-5. Of, -5. Of, -20.0); 

glEnable(GL_ BLEND);//r^ J^" 

glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);//J>Jd\j j-^-Li j-jll J^\ 

glShadeModel(GL_FLAT); 

glColor4f(1.0, 1.0, 0.0, 0.75);//0.75 £• J** 

glRectf(0.0, 0.0, 5.0, 10.0); 





OpenGL J 4 j 


\r. 


glColor4f(0.0, 1.0, 1.0, 0.75);//0.75 ^ ^3^ 

glRectf(0.0, 0.0, 10.0, 5.0); 

/* draw colored polygons in reverse order in upper right */ 

glColor4f (0.0, 1.0, 1.0, 0.75); 

gIRectf (5.0, 5.0, 10.0, 10.0); 

glColoMf (1.0, 1.0, 0.0, 0.75); 

gIRectf (5.0, 5.0, 10.0, 10.0); 

giutSwapBuffersQ; 

} 



mill 4jSQll p 4l*Vl &X\ 

^jA j\ ^\~a')}\ ^jA w Ui *,/& i \ J ^lp S-Ap ^lp 


Jjp j^xJJ s^TlJUl jolj jUxpV^ Oy*-t <1)1 Li" ^LV^ 


^y>r\ 4j)jV 4^3jlI ©^riJd! wb-y^Jl ^iSl 

LU I jl c3LLi 4^Ll lit , 4*0*1*11 <*_JLp 





LjLuiaJ) j j £J-JI : J-uai!) 


m 


L-j&LLi *Ujl> jlfT ^SsJ Jjjy i^iy j! 4l5jii 0Jj 

ISj jj ^j>s-saS1 wJ jlil 43 ( v r $Cc . £4 ^JJT ^ <—-> 

. ft 

ji viewpoint J&A i j cjiT bi 5 jUJJ l*-^ iJj* t ^s3 bb‘ jiT 
read-only l$Wj aJjIi »jS'ijJi Jio aISLlLi «li JJ-I . ±S ^Jr\ 

,43L(Lxj! A^uJj J •^“’-^ 

4JiJ~i Jj Jj-<ij*JJ AlSjil a^S^lJJt ^ ^4ibLiJl j^P^ 4-oJ^tii j»Lwvj>- , VI <w*4r Vj^ 


.read-only j^*U fcSjii s^TiJUi a*u j^*Ji J k&A f .2ipu]i 


read- ^Sjii S^IjJ! J*Jr GL_FALSE s^jaIi y. glDepthMask() A^JbsJi 

. only 

Jl_ iA 



(^i^Ji £. ji>i ^jjjJJi ^ ji\ y*^> exampie72 Jiil!) 

SjUaJl SiLLs Ail jU. i\j TOUTS 9jUs (Jliil Idjfc 4_t» j^oj 

0 ( 3j!^L» l ijljaJl ) ^1 jjiJj itsrl) 

. I ^Uiil ■ \pk.'g> ( ijlJaJl ^L*l Aj\y* jt ^Jlil) A ?-ji 

tinclude <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#include <gl\glut.h> 

#include <gl\glaux.h> 

bool eyePosition; 

static void redraw(void); 

int main(int argc, char **argv); 

void keyboard ( unsigned char key f int x, int y ); 

int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB \ GLUT_DOUBLE \ GLUT_DEPTH); 
glutlnitWindo wPosition (100,100); 
glutInitWindowSize(400,400); 
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glutCreate Window ("3D Blending"); glutDisplayFunc(redraw); 

glMatrixMode( GL_PROJECTION); 

gluPerspective(45,1.0,10.0,200.0); 

glMatrixMode( GL_MODELVIEW); 

glutMainLoopQ; 

return 0; 

} 

static void redraw (void) 

{ 

glClearColor( 1.0,1.0,1.0,0.0); 

GLfloat position[] = { 0.0, 0.0, 1.0, 1.0 }; 

GLfloat mat_torus[] = { 0.75, 0.75, 0.0, 1.0 }; 

GLfloat mat_cyiinder[] = { 0.0, 0.75, 0.75, 0.35 }; 

GLfloat mat_ambient[] = { 0.0, 0.0, 0.0, 0.15 }; 

GLfloat mat_specular[] = {1.0, 1.0, 1.0, 0.15 }; 

GLfloat mat_shininess[] = { 15.0}; 
glMaterialfv(GL_FRONT, GL_AMBIENT, mat_ambient); 
glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular); 
glMaterialfv(GL_FRONT, GL_SHININESS, mat_shininess); 
glEnable( GL_LIGHTING); 
glEnable( GL_LIGHT0); 
glDepthFunc( GL_LEQUAL); 
glEnable(GL_DEPTH_ TEST); 

glClear(GL_COLOR_BUFFER_BIT \ GL_DEPTH_BUFFER_BIT); 
glLoadIdentity(); 

glLightfv(GL_LIGHTO, GL_POSITION, position); 

glPushMatrix(); 

if (eyePosition) 

gluLookAt(0.0, 0.0, 9.0, 0.0, 0.0, 0.0, 0.0,1.0, 0.0); 
else 

gluLookAt(0.0, 0.0, -100.0, 0.0, 0.0, 0.0, 0.0,1.0, 0.0); 

glPushMatrix(); 

gITranslatef(0.0, 0.0, -40.0); 

glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_torus); 

auxSolidTorus(2.75, 8.5); 

glPopMatrix(); 

glEnable(GL_BLEND); 

glDepthMask( GL_FALSE); 

glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA); 
glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_cyiinder); 
glTransiatef(0.0, 0.0, -60.0); 
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auxSolidCylinder(10.0, 20.0); 
glDepthMask(GL_ TRUE); 
glDisable( GL_BLEND); 
glPopMatrix(); 

giutKeyboardFunc( keyboard ); 
glutPostRedisplay(); 
gluts wapBuffersQ; 

} 

void keyboard ( unsigned char key, int x, int y ) 

{ 

switch ( key ) { 
case 27: /* Escape key */ 
exit ( 0 ); 
break; 
case 'o': 

eye Position=true; 
break; 
case 

eyePosition=false; 
break; 
default: 
break; 


:^lsll JjfcLid JjLJI Jliil JLi; 
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Antialiasing Jkil 

* * 

j^ 2 j aJjS jl A-jxil J?jk>- ^OpenGL <3 

, 4j jUdil 2 lJJ^ ajl Js^IaJI ^ 4-LJ^w ^ t^ji 33-1 OV AjjAJI l3k 

oU ^ *1* ^ {S~*j c aliasing ^d; 

jkd, ^Ud« ^ *C^' ^V Antialiasing Jiki 

. JJi-kt j 4 j y3l jJU jL^V l3fc jkj ^r Ji j . J j -L^* J^kj J 




A-iJ yLA y±x!b\jLL» u^>- ( cJ j3~Jl ji^i 

OpenGL oU cjJL^ U^ip t yk-l j .<y*^ c£^kj 

A-k*^ (^JJl A-jyaJl AjsiJi £jy» ^Ip ^U^P^/U £ 

OpenGL j<& t RGBA 33 J -^33 *k*^' ft* J*3Jl ^k *kU 

^ ^1 ^y UJN/ a4UI 2Lq^s3I ^1j^i 3 dl3 Jjo .u» * j=*tt ^ y 

* 

1 ?c j .Framebuffer jUyJ A^jil SyUJI <y*^> LL^ y3il yykl ki3l 

J* bUipl jyi cT^ lT ^ oUU - 1 J^' OpenGL ^ c j^ 1 

.(aJUI^JI AlxscJi Jj>rt J* 1111 J 41**x)i >J-P J^rl //» 0000) £ 




wjLuiaJi 3 3 JmsaI) 


)?e 


jJ-o-^ 3-P'j~“ J S^j^r ^jip oL*^>«^5l j4*J Jj;;)'?"' CjlHint() j»lwb»eJL^! 


:yV! liA fUJl j£dJl .jj^i 


void glHint(GLenum target, GLenum hint); 


.’ ^ L^l )a^l^a a^ Aj ^^^ j \I target . «**ys 




oUi-siaiij J?^)aJ~lj J?UJJ 5j J.P ^il So jJr\ 5bj>- 
.JJL^lH J^>- 


'b t +* jjl 


GL_POINT_SMOOTH_HINT / 
GL_ L1NE_ SMOOTH^ HINT, 
GL_POLYGON_SMOOTH_HINT 


Ju^ oLL-p cJl5" IS] U-i o~b£ 

^Jl jf (GL_NICEST) il 

.(GL^FASTEST) 


GL FOG HINT 


. ^ olAJb-lj jl JS\J Siyrl GL_PER5PECTIVE_CORRECTI0N_HINT 


^IaisI ^s-j <J,j SjLi^ GL _ FASTEST y-^aJl hint ^>-Lj ot 

j! t S^ j^H\ jUM Jl SjU^U GL_NICEST 2L**iJl ji cUpii jULl 

• l jy*~* \ ^ Si ® GL_DONT_CARE 

$ la&Jl Jit* 

£» glEnable() JJLyaii tF*-^ J>1 bj)b-\ j\ JsUJi ^yb 

ja& uv^- W v^r T ^ • GL_LINE_SM00TH jl GL_P0INT_SM00TH 
.01 jWl ^Jss ij J?jjaji-i j J»UJ| J_L/s . glHintQ isy>r 
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RGBAh *J 

* 

j-fe Ljl& U>i y£'')l\ ^ja,! .^jil i}^*^ j.i ^ 

>-T ^ GL_ONE_MINUS_SRC_ALPHA j j^il J^rf j* GL_SRC_ALPHA 
L_5Jji! l y a GL_ONE ^l-ApeJUul tjJj-b JJ>Ldo j . 

~bJ?jJajL) jl JsliJl ^J jaL^- (j*yt C~Jt . olxisLSl)! -Up UUi Ja^jaii-I 
^IxM ^Jlil.1 ^g—. Ixj'y A^jlp *XXP ^ ^ulj . L^Jj2-*2 

c5 SX» J^io Icosahedron _ r ^J! ^ Ji^ai! -WtiSn 3xJ a^Up 

,<1*jL» jjP Axijil »j5”ljJl JaJT CM Jap'y . 


example73 J 

#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#include <gl\glut.h> 

#include <gl\glaux.h> 
static void redraw(void); 
int main(int argc, char **argv); 
void myinit(void) 

{ 

glEnable(GL_ BLEND); 
glBlendFunc(GL._SRC_AL.PHA, GL_ONE_MINUS_SRC_ALPHA); 
glHint(GL_LINE_SMOOTH_HINT / GL_DONT_CARE); 
glLineWidth(2); 
glShadeModel(GL_FLA T); 
glDepthFunc( GL_LEQUAL); 
glEnable( GL_DEPTH__ TEST); 

} 

int main(int argc; char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB | GLUT_DOUBLE \ GLUT_DEPTH); 
glutInitWindowPosition(100,100); 
glutInitWindowSize(500,500); 








glutCreate Windo \n(” Antialiasing "); 
myinit(); 

glutDisplayFunc(redraw); 
glMatrixMode( GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode( GL_MODELVIEW) ; 
glutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

glClearColor( 1.0,1.0,1.0,0.0); 

glClear(GL_COLOR_BUFFER_BIT\ GL_DEPTH_BUFFER_BIT); 

glLoadldentityQ; 

gITransla tef(-20. Of, 0. Of,-100. Of); 

glColor3f(0.0, 0.0, 0.0); 

glEnable( GL_LINE_SMOOTH); 

auxWireIcosahedron(20.0); 

glDisable(GL_LINE_SMOOTH); 

glTranslatef(40. Of, 0. Of, 0. Of); 

auxWireIcosahedron(20.0); 

glutSwapBuffersQ; 

} 


: Jlili Jl oaUJ jjU! Jliil JUj 
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I j jjJJl y*>-la-C (J J-LaSIj £-j=M 


CdU cAi**3i J] jj-iJ jJ-Ul ^^jA djO*-Vl A*Jj^i oUiiM ji U. J .0jlil 
0JJ ^J^Vi 0j& d-*-^ a.jjLI^-1 0J $ ^>-L° ^jo Ij OJj 4*JLzl* ^yi .26 J-wo^- Jj 


5^TljJi dljp dJJi Jbw (16 olipld^ yA j^3 4^JL jJdSi ajl&a ) 
dii?jj^_>- jl j joLlil 4a}?** (jr*-^ jdAP Add! jijJ^i 0 jJ JjLj djdi 

.jullii 4_a]2JL« yA jijJl ^IJj>eJL^lj 

uULai Ja* 


,3>jjfljLl j J^liLJt JJL^ a*L*p IjdS"" ^ibuil obJ-v^il j>- JJL/? 3d-*p A*dJ 

id .4-w^lili AjjJJi A^-usJl Jl caI^-Ijjl^ l3I j>- aaIx^- d^lxL^2^ dJJjjr L*Jjlp 

GL_LINE jl GL_P0INT c^' ddi j Jaii JMj^S" J i>L^ ddUL^o 

^ UJ . J?jJaiJ-l jl JsliJl Ji^> jja; dii^U t glPolygonMode() Jl 

,(GL_FILL ^U^i! J^x (_^1) Asiijt oUi^« JJL^ aJL>- 
J^Ljj j . 0JJl j^3 JaS j RGBA Js-C (3 ol*-Uai! J^v? C(^£Jd JSsdu 

.3jjfijt-l j 3ULJ1 ^1 p jJldi aJL>- 3 ^ j^i oU-ldiii ^i^LSj j^L* p JJddl jdlJ ^Ip 
coJL>JJ j»UVI ^y* Lg-d >j a^-U^ oJii oUJ-s^ Sap dd-d dlS" id 

j jJUai! J^ri QA GL_SRC_ALPHA_SATURATE ^-SJl ^ glBlendFuncQ 

.cJ^iI J^t ja GL_0NE 


A4*3dil ^ ^J u w & 3 A-^Lfi^di a^a^ ^I R^jBAi ^ ^ 3 ^ L*d~ 

j-<iJo dJ-Si J olxL^il A^rld; cdl .d^l^-U^it a3) jJ- 

^1 Ji >Ui .glEnableQ /VI J] GL_P0LYG0N_SM00TH 

.a^jcJ! ^Jp i^Udpi di!i j ^-Ld^ii <*-J\j>- ( Jlp Axd?^ii! Adjd^l «WLidJ 4jj^- AJUld 

. glHintQ fV' Jl GL_P0LYG0N_SM00TH_HINT 5^)1 jo jjJ dj iL<i. 



ujUuall j JjLaII j £ j*aJi : jjU J-uaiil 


m 


A^Sji! d/'1JJI jl Vjl J^SCjaj A_L>-lJjdi lJM jJ^\ ^y> oVI 

A*^»jljl i^J^' ^ » aJ*>- ItAldk,I A-j */2 11 j Arfj<3i 


^ULl Il4 .l3jl«U GL_ONE j jWi GL_SRC_ALPHA_SATURATE 

SjLp jjJ jA^gll ojJ 0 ^>j 

^ £ £ 

1JL& .i_JJLgJ-S liil <u*J axa \s>-jJ^2j> _b>-l j jl j J ■,(■?<> 11 LaJT <L»J jjy A^uiJl ^^p 

iboljaj} *LJ^it J^ULlS! 0caJIp Lail aJLL^> A-J^-J A jgai JjA /^-a Ail 


CJi IjjsM j ‘ ■/»'' ^VpA L_J 1 /y> aJLLa ^ jJs> ^sjU OV OjA) (3 J^ 

.LgJ^j JJ oiLsisJJ ^»L»VI (3 ol*l.J.ll l~~J 

jjLJb J a ../gil JJi*J jl J;jt4j ^.)g«- J .aAxjT Q Laly? a JJLvS aJJ”" tjALl jg)g^ 

<LaJ ^^4 ^ ^ i " jl *1 A 11 AjJjLl c3A>" ^ Aji 3jLLH jj ,^ip 

.^ aA^o^P 1 ^1^4 J^£ ®A^»- ^tfJ 1 J| a^sLaJJI 
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t J,Ay?Jt Sjbii! jj Jii? IaJ^* 3 t L-^xSCa Asrjl JJLs<s Jliil !Aa 3 


. La_ aJl rutj , JtL t "Jl i ^ LaJ-iP i 


#include <windows,h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#include <gl\glut.h> 

#include <gl\glaux.h> 
static void redraw(void); 
void myinit(void) 

{ 

glCullFace (GL_BACK); 
glEnable (GL_CULL_FACE); 
glDisable( GL_POLYGON_SMOOTH); 
glClearColor (1.0, 1.0, 1.0, 0.0); 

} 

void mouse (int button, int state, int x, int y ) 
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{ 

if ( button == GLUT_LEFT_BUTTON && state = = 
GLUT_DOWN ) 

{ 

glEnable (GL_POLYGON_SMOOTH); 

} 

if ( button == GLUT_LEFT_BUTTON && state == GLUT_UP ) 

{ 

gIDisable (GL_POLYGON_SMOOTH); 

} 

} 

int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

giutlnitDispiayModefGLUT_RGB \ GLUT_DOUBLE \ 
GLUT_DEPTH); 

glutInitWindowPosition(l 00,100); 
glutlnit Windo wSize (400,400); 
glutCreateWindow('‘Antialiasing Polygons"); 
myinitQ; 

glutMouseFunc(mouse); 
glutDisplayFunc(redraw); 
glMatrixMode(GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode(GL_MODELVIEW); 
glutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

glLoadldentity(); 
glColor3f( 0.0,0.0,1.0); 

glCiear (GL_ COL OR_ B UFFER_ BIT | GL_ DEPTH_ B UFFER_ BIT); 

gITranslatef (0.0, 0.0, -50.0); 

gIRotatef (30.0, 1.0, 0.0, 0.0); 

gIRotatef (60.0, 0.0, 1.0, 0.0); 

auxSolidCube (20.0); 

glutPostRedisplay(); 

gluts wapBuffers(); 

} 
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: JUi JSCiJl jj^UJ jjLJ! Jlili lij 



Fog uUtfJI 

j^Joj j.+£>;*j\ Jbg^ll .<L*Slj j^p oli i_ ^\J*\ jy& lilo-1 jJ-J Ji 

Jjc*- dXSi 4ild?V^ dJ-ta j J5Cdj 

^Lojl ^£jJJ J^-do j-v^>d*Jl c^L^Ji ^iL^L ^51 ^Jl j5l j^LJ 

oljJl; 4_*dJ lJwsj ^Ip ^L^JI . ( ^ij>bJ! d^P ^*Jl ) ^iLcJj 

.ojUl j ol^dJl j ( ^Ld?Si ^ 4dL*Jl j *j-JJl slS^L^- 4^lw\j>sJi^i j A ? >jr ij, aS 
^1 J y>zz6 IwLJ ^JgjJl 4 ^jvj ^j-P Jj*j^ l)U CL-jL^aJi J-LP 

L&wUP 1 IiAaJ 4_**<>*0 w\jw\_>X_4J L ^J J ^ ^ C dy?) 1 43 La^sJ ^.^S^sd 1 ^LaJ^^iaaaJ .^UaJl 0^4^ 

4-^L^l . 0 jUl ^j RGBA ^J 2 -^ (3 ^dd^Sl .^il^il ^Lojl ^ 

j d$,L^?VI j jr 5 d> cs-d-d^V^ j s^d^V) j Aijk„/2A jL 4-j Jjtj 


^Lp 

uUmII 

GL FOG A^-c&j! jj j*o*zj aI^xjl) ~-~» .aI^w^ 4-J-<kP t *jL./ aii ^Ij^&Ia^I 

y>V' aIs-woIjj 4^15" Jsla-^j ^Jl abuli j ^ddJl jjJ juj^ dldC^ j glEnable() 

. glHintQ Jl GL_FOG_HINT ^i\ ju j>* dt^c . glFog*() 


OpenGL g* j ± a !\ 


^ £Y 


uLudJI u¥aIm 

♦ ♦ 

^ y* J^L*^ ^ij^lx~h1j Fragment aL>- j* o ^iULll ojlil ^ aj^J ^jF 

Jl£! Ji jj4 (f aJU! oV^Uil t^Jb-1 flJbw-L ^ f J^Uil IJla .^L^Jl 


: [ 0 , 1 ] 


— {density z) 
f m f ' 

(GLEXP) 

--h 

1 

•^j 

l 

fr 

a 

S? 

,N, 

(GLEXP2) 

ejisf - z 

(GLLINEAR) 

f - t - 

esdf - start 


a^iSi *jJ. . fragment // j J^i I 

A^?rJ A*i-jxJl 0*kj IAja-^Ij A3k«A! ^ , jjLC 

(jj“k ) . glFog*() 

ySfl {\asm*\j end j start j density 


L*l i JF‘\\ a^a-j { jf- J*jl ^Sa'yi jj^l ,Ji£ .Ajik#^ JajL«j Jl?t1 l/ 4 a-a';<,? gil 


, kw f * »»Q Aj^jLs ^ ^ 



void glFog{if}{v}(GLenum pname, TYPE param); 

L*l param <.GL_FOG_MODE c£jl~j pname a^J cjIS" bl 

£y 3Ju** dUJu t GL_LINEAR j) GL_EXP2 jT ( ^1 jli-l ) GL__EXP 








^ tr 


jl GL_FOG_DENSITY (SjAc pname i*J oJlS" bl .^L^Jl abl** 
(j^ - «jW^ param *-*-/ t GL_FOG_END jt GL_FOG_START 

) sJiUil j 3jLg-JJ end _/ SjIjJJ start _/ AitblU density( 43 jh */7 a ) 
pname 3^J o j£j j! ^So: £G&4 Jai J .( Jldl ^ i J 0 j J ^ a^i>VI 
/?GB>4 J,! param jUo aJU-I J j GL_FOG_COLOR c s_jL-j 

. b 11 j kAjiA^cjJ 

uliLykJ 

r^jpj 

c~^ i(application63 j~kdl) “1 J ^jj-dl ^-*£11 

A^l l A * ; )a 1 ■ ■ d 1? * *<2 ) 4-L h JA ' b LtA.ll . /? t 

<j>~W' j* a 16 <_iill dibj al8.cpp i_i!il a^ ^tJU application71 
f <.al8.cpp y^A .jdii ^1 J e application64 js-kJl j] application63 

:( keyboard j Jai» JjJbdi) al8.cpp l ^ aJUi iij 

void keyboard ( unsigned char key; int x, int y ) 

{ 

switch ( key ) { 
case 27: /* Escape key */ 
exit ( 0 ); 
break; 
case T: 

glEnable( GL_LIGHTING); 
break; 
case T: 

glDisable( GL_LIGHTING); 
break; 
case 'b': 

glEnable(GL_BLEND); 
glDisable(GL_DEPTH_ TEST); 

break; 
case'd': 
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glDisable(GL_BLEND); 
glEnable(GL_DEPTH_ TEST); 
break; 
default: 
break; 

} 

} 

! .x&LJLxJ Ji 




"b" GL_EXP2 j-kJ "f" GL_EXP ^Lkl 

/= * o 

application72 a^-I LLja; *^1 . GL_LINEAR vW-ki j~id 

: al8.cpp ^>!l jjkl f c al9.cpp 

#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#include <gl\glut.h> 

#include <math.h> 

#include <gl\glaux.h> 

GLint fog Mode; 
static void redraw(void); 

void keyboard ( unsigned char key; int x, int y ) 




s-jUuaJI j Jlual! j 


> is 


{ 

switch ( key ) { 
case 27: /* Escape key */ 
exit ( 0 ); 
break; 
case T: 

fogMode = GL_EXP2; 

gIFogi (GL_FOG_MODE, fogMode); 
break; 
case 'f: 

fogMode = GL_EXP; 

gIFogi (GL_FOG_MODE, fogMode); 
break; 
case 'b': 

fogMode = GL_LINEAR; 
gIFogf (GL_FOG_START / 1.0); 

gIFogf (GL_FOG_END, 15.0); 
gIFogi (GL_FOG_MODE, fogMode); 
break; 
default: 
break; 

} 

} 

void myinit(void) 

{ 

glEnable( GL_DEPTH_ TEST); 
glDepthFunc(GL_LEQUAL); 
glEnable(GL_FOG); 

< 

GLfloat density; 

GLfloat fogColor[4] = {0.5, 0.5, 0.5, 1.0}; 
fogMode = GL_EXP; 
gIFogi (GL__FOG_MODE, fogMode); 
gIFogfv (GL_FOG_COLOR, fogColor); 
gIFogf (GL_FOG_DENSITY, 0.1); 
glHint (GL_FOG_HINT, GL_DONT_CARE); 
glClearColor(0.5, 0.5, 0.5, 1.0); 

} 

} 

int main(int argc, char **argv) 

{ 
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glutlnit(&argc, argv); 

glutInitDisplayMode(GLUT_RGB \ GLUT_DOUBLE \ 
GLUT_DEPTH); 

glutInitWindowPosition(100,100); 
glutInitWindowSize(400,400); 
glutCrea te Windo w( "Fog"); 
myinit(); 

glutDisplayFunc(redraw); 
glutKeyboardFunc ( keyboard ); 
glMatrixMode( GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode(GL_MODEL VIEW); 
giutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

glClear( GL_COLOR_BUFFER_BIT\ GL_DEPTH_BUFFER_BIT); 

glLoadIdentity(); 

glColor3f(1.0, 0.0, 0.0); 

glTranslatef(-2. Of, 0.5f,-10. Of); 

auxSolidTeapot (1.5); 

glTransiatef(2. Of, 0.5f,-l 0, Of); 

auxSolidTeapot (1.5); 

glTranslatef( 6. Of, 0.5f,-l 0. Of); 

auxSolidTeapot (1.5); 

glTranslatef( 10. Of, 0.5f,-10. Of); 

auxSolidTeapot (1.5); 

glTranslatef( 14. Of, 0.5f,-l 0. Of); 

auxSolidTeapot (1.5); 

glutPostRedisplay(); 

gluts wapBuffers(); 

} 
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Bitmaps and Fonts ht^stiS jfakoUijjMil 

pL 'JS' JuojJ oi-b^ijjl j j'uL^V^ A3yu&* ,%P SjLp 4^kiJl jj-^Jl 

0jJJi L)b> j 4 J 2 JL* sjo-^j i ,y$ jAx) . jLL? VI ^ <jiljli j 

4,1? g;: Li 4Jbijii AJ j^L\ XhJL}\ J ^UJLii Sjj-visJi ij 1 <Us-J .j^Vi ^3-1 

,4-J 4 J 2 JLJI oL y£- jjLj /J 3 c4^2-fijJl (3 0 C-*jLS^ lil ,?.l *LJ j-sb 

.^uiL*^Ji J (3 j>«v^2-U 4^jLL lu i O-*L*iVI ' 

.3ji^iU j jj^jJl ^ aL^-Lw ^jJ j*_puJ! /y» iS ^1 OpenGL y^y 
j a^J 6 ijj *0 j j3 glBitmapQj glRasterPos*() o\yS}\ 

. Aj$i LiiJl ^Lp 

(examples!) J'- & 



. jAAk^-i ,4_L^L(iJl ^Lp O^l j-® CbVLj p y*j ^Lp IJL* 

djj-v^Ji C->ULu ^1 2 iLsbV^ Sy&S* ]_S J 7 ^^ -Z2 XsLy p y*J}\ ^IxJi 



#include <windows,h> 
#include <gl\gl.h> 

# include <gl\glu,h> 




jj^aII j JajkaJI j A Jatiil j 4_u j^a! 1 -LUiSI 




#include <gl\glut.h> 

//a3jL^S\ 4JjUJ| 4j jljjt t j> AJ jjL/ail 

GLubyte rasters[24] = { 

OxcO, 0x00, OxcO, 0x00, OxcO, 0x00, OxcO, 0x00, 

OxcO, 0x00, Oxff, 0x00, Oxff, 0x00, OxcO, 0x00, 

OxcO, 0x00, OxcO, 0x00, Oxff, OxcO, Oxff, OxcO}; 
static void redraw(void); 
void myinit(void) 

{ 

glPixelStorei( GL_ UN PA CK_ALIGNMENT, 1); 
glClearColorfl.O, 1.0, 1.0, 0.0); 

} 

int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB j GLUT_DOUBLE | GLUT_DEPTH); 

glutInitWindowPosition(100,100); 

glutInitWindowSize(400,400); 

glutCreate Window("Font Bitmap"); 

myinitQ; 

glutDisplayFunc(redra w); 
glMatrixMode( GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode( GL_MODEL VIEW); 
giutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

giLoadldentity(); 
glColor3f( 1.0,0.0,0.0); 
glTranslatef( 0.0,0.0, -40); 

giClear (GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT); 
g/RasterPos2i (0, 0); 

glBitmap(10, 12, 0.0, 0.0, 12.0, 0.0, rasters); 
glBitmap(10, 12, 0.0, 0.0, 12.0, 0.0, rasters); 
glBitmap(10, 12, 0.0, 0.0, 12.0, 0.0, rasters); 
glutSwapBuffersQ; 

} 
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4 J 2 ju 10 y *)1 F <-£j£*-\ y jil ol j^bbl J^bJl y 
.oUl^- 8 ol jLpWs^ y jj5\J 23 (3 Lib 4 -JsjiiSI jj^Ji oULj Ojj£ ,Abj-b 

d^Ul3“l .3 d^Li-pl«b^ VI bj^^* A-JajuJl j>^ 1 I ^Jpj& 

* # * 

^Lb*Jl Vjl i^-JjL-bi 4 jjL^-J! Ajjljil ^jA ^Jj a^UjsjlSI a j 

IwLJ .J^bbl ,^rjbl jj^jJl (3 <‘—■'-^ J-^l Ibfc ^ yr J Jsa^-^ J ti-XSsJ* J 4JLa ^Ip^l ^js2-c*Jl 

0x/7> f uJ^Ji bi^~^ b^Oxc0 7 OxO0 7 OxcO, 0x00 —> &y^» 

L * Jbil lb j bi/l (*-*f Ji£*j b^l jiJ 3 ^ OxcO, Oxff, OxcO 
.aJUI 5 J z*}\ 3 U^L^j gIBitmap() j glRasterPos2i() 

£*Ut 

3 .aJLxJI 5 jj^z J| LgJ ^^1 Aijs^di JLU Raster ^yi\ ,*Jy Ji£ 

(20,20) II Jl g!RasterPos*() yH\ £~il t F j^ 

,F 4-wLbJi aj jLvJl ajjIjJS aJ ^j ^JJl 




'i or 


jjj-aJI j Jajlaifl j jjj-al! j Sjj j*<a2l JalljJt ^uij : jjloJ! 


: Jldl j 

glRasterPos2i(20, 20); 

t^k.1 yi ( jSCdjl 

void glRasterPos{234}{sifd}{v}(TYPE x, TYPE y, TYPE z, TYPE w); 
w j z ! 2Lklj 2 *Vl .^Jkl oLjIjl?-I x,y,z r w cJ%> L*il ;>-b£ 

.w=l j z=0 

gIGetFloatv() yy y^ J 

3^11 k^l U t Jjf k^T GL_CURRENT_RASTER_POSITION c^UJl 
.Am jLp iLsli X,y,Z r W ^ ijy 3 i jjLa^ JS 1 dj£o ^ 

dijVitfit) fluy 

J gIBitmapO yS/l diko:. c^jlkil £-~ll ood jt .Aju 

.oUU! 


; aJs .aiil »jj-kl jt-'-xj j*kil J^sJUil 

void glBitmap(GLsizei width, GLsizei height , GLfloat xbo, GLfloat 
ybo, GLfloat xbi, GLfloat ybi, const GLubyte *bitmap); 

*£-k y . 4 . )g^l t Sjj-k^ jjdj dkl bitmap Sojkl | 

_),// Ji height j width jjdJ . ^*11 ^ 5 j-* g;St 

oUpL^» ^ yJS (JjSsj ji ^ .Aj yi 2JI Ajaaiib 4 ,ki;Sl Sj^Uljl 

^U->bJUajI .4jL>- S d jy*J ^ jV* L8 

j jii A^rjil p-JLil) 4-jkiJl ^ 3 JuJU>tij ybo j xbo 

^ ybi j xbi jy^ . (jLw^Jl j JjL* VI 70 aJL^JI ,*_JLil L*f 

JUi jSCdJl J djjygJi 7 u^ Jj«j y j x 
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■■BHHflMa 

mmummmuum 

IIIIBIIBIII 

■■■■■■■■■ 

■■■■■■■■■■■ 

■■■■■■■■a.. 

mmmmmmmmmum 

■■■■INHUUIKSaMHMMHH 


(■V W=<°'°> 

(*bi- = (H. °i 


y j x ybi j xbi ^y ^bjj <.^^il y *bu 

.ky-y xbi k*J j 0.0 _i k jL~» ybi kJi oJsJss-t y . Jtu* 

Xbl j*—S 0CjL^nJ) ^1 (j-a-JS 1_i_*DJ C~w>- Aj^jJ| Js< ijL?- (j L*l 

^ xbl = 0 tdwbapi ja - *'** J 1 . 4^iL^ 

_Z2 jUaA T^J.1 £}y £jjt f JjVl F ^ J~\ y* J J^LaJl JiLiJl ^ ,5 j yivJ jjP /£>/ 

F 0>l f ^>>1 (j^j Adjd? 2 dji-UL« ^j> i)jX> £- LwJj c 4 ^ojb? Aj^JL* 

a j ^» c-jjJLSL j* 4 jJl ^bib j i 4 -oJU> Al^b a^^j ^Li-i ^y* .^liSi 

xbi LJjlP J if J J-L *s>bU JjLJl Jbil J .jlSL»VI jUS Tt-wJJ *iy» J 


*3 yA (^ 


dJ-ta -Up ^>-1 j j^j dJ-Si b^jl j 12 ^ V-b 11,5 L^-l^r c~^r 

^lwL>&^! ypCc V 4j| •Cxf4 jd? j aJsjl? (ju La jj^^Jl (jo oLpI jdii 

5^TlJLl jjL^- S!iL>s-C. LJb j aJ^JLJI jj-^Ji oV jjj-uiS aJjL* J?^J aJs-<L!1 

.jlU^U A^Sjll 

jl^VI pl^bjiaal! 

J-aj Silp ) 4 j yk>- i_A )yj j^ij j^»j jS^ tiJ-Lc. C --;>- ljj^«j 4P^-*-F j^T* t-J 

o yy^ At i —^ ^ ^"y^F ( i j rfd *^ 4-^1^“ y*j ^ (^ 

.68,65,66 ^SiU "D>4B" U^LJl Jju.IASCa j 66 3UJ»il B j 65 (iL-T 
c^li W*>U! j /i iJjJ-l 65 ^1 oli a^JMSI j^-y cu^- ^Jidili Jf^ cf*. 

















\ 00 


jj isjlaiJl j j *Li^Ja3 JaUili ^wij • £>aIjS 


wLjiij Ij-j-p L<&3 66^ 65/ 66 4 a a /2 a SI 4i_^J_«^Ji ^ L^w\j_p . ^ Z3 6 6 

.^Uj^l ^iiJLd 4ibij_ll jl^JgVi ^tjljJ 

: J4)l ^UJl JiCiJ! 4 tj \Jl glCallLists() p4 J-b^l d4So:_ 
void glCallLists( GLsizei n, GLenum type, const GLvoid * lists); 
lGL_BYTE SaIp Lfu-2i fypeUI t 4P“p .alji j*pji ,*jp Jj /? JjVi -4~-j! 

.j_y >jJl jj js^io i^SjF j ' & . fl a /jp apLp lists 41 

, 4 jji^ ^Lsta>-I j 4 >j.j?.a£ JJ-*J’ J-*»^ 4 u Jj oLijJaxJl /j* jj 5 >Jl £- 4 ^ 

juLiJ l5 1p Fontl JjV! jl^-1 c/l l 3yU 65 

f l5jVl< Font2 J14I Ja-U j 1065,1066,1067... A,B,C... 

JaU .o^lj c^jL J 256 jx. r lijt yj ^ t 2065,2066,2067... 

jL^Js'yi 2j>JV jLpp-I p 3Ju»JLJi (3 ( ) J>-.La J4" Jj ^-Jj 4^4,a>b Ji^Pa 

flipVb Fontl -44-1 ^ AB/C ^->p^ J4 IdU 3 -V*4l! 

.2065,2066,2067 —» Font2 JaiU J Jix oi j J4xll J^1065,1066,1067 


^sjljJ ji-^p J 4a>-lj^n (J,} 1000 “WjjiJ! lFontl -44-U J>j 1444 

Jl 2000 j\*3 iFont2 -44b sLJ-Jl ^J . 65,66,67 pL$4V' 

41 L^icd glListBaseQ p-*Sn *»-b^u4 .pLjjVl ^7 J 

oVI ?r44 U . JaSL -£ 2000 J 1000 5^sJL j/uJl J4ll JaJ ^ yV' '4 a 

jA*)\ /.-X 1 ^ .-4 ;J^L^jT ^jl J^P pLj^V' J ^-lP p^ 

: JUl j»Uli jSLiJl (^4)1 giGenListsQ 

GLuint g!GenLists(GLsizei range); 

AaJ^sS^a jI5" ^4xx a—Util JJ) .4^p^ 1 -' p'-$-^^' J 

liXL« pj glGenLists() p-*SU J44l «.Ipo^V' 64 diS4J t3ppli cJl4” !ii 

* *' S' 

J^4 ^5jji >Jj>tLcvj 1 ^ L*Lj-^p3 Jj>- Jj /^>J ji U ^ jJJl 

jJ dJJlS4»Li cSI 3^iji ilp! Ji giGenListsQ ^4)1 u* ^piJ j 



OpenGL g-® jaa& JJh 


> ol 


oli^ iL£l y glGenListsQ y V' y>ky >k ^Jro > f ^ 81,82,83,84 
glDeleteListsQ yS/l ) 0 s^iil ju*^ jlkil Jjkil j^p ^JlyS 

iwlojt; L» Jai- Jjjjljil ^j!jJJI c3-L>- 

^-*l> Lf (256 y (J5I ) ,Jk* Jyj ■iOP j 3k\jy^/l -kykk! dike 

(_^l kk J -kykkl ^bcd oi . Oa~!j cyb ywa 3jili^ iyLdo yj ( JotO 3dlkk 

^*«J , JO-Iyll c -*j Ut { * J ^uL^*o 4_^L>4>P‘ O^^^a t ^ J —!b-J iyd"*! 'C-^" 

type -k^jJl J*>b>- y cjL 4 jl 3 c! 2 jl J? Jyk jyj y <wkbs ob J^!>LJJ 

:aJkl y-b-l -kj~«y)l IIa ylk: of ySk. glCallLists() yVl y~k 

GL_BYTE GL_UNSIGNED_BYTE 
GL_SHORT GL_ UN SI GNED_ SHOR T 
GL_INT GL_UNSIGNED_INT 
GL_FLOAT GL_2_BYTES 
GL 3 BYTES GL 4 BYTES 


I mag espials 

ijyki Py^\ y Voj y>3 j (.Bitmap kk^il ajyki image ijyki yoj 

cl)I ySsJ) cSJobiJ! yj 3Sjg«-» (3 kjyk 3}gai Jcarl y 4 aOy-j ajLsC- j_jk- SjgSell 

“O&yjl ijj^s yy- ol y^k Jloii •y^"l oLajl*^ Image ®jykI yya 

a-aO^Cw* ^y i^ y« JJ-,r?Il yt7 Ol y>k .30ys^a Ak-fiJ *lL«I^JI (R,G,B,A) 

a}& a*> i^J A-Jo LjkJl ,^glp i-LJJ J ^ i li>i 4 ^ ^P -^^ 

^Jj 4 -JaJ^jSj d£.l ^3 G^lpj CA^y»jil 1 ^iwk>eJk^L d^Lw 4 j ji 

/>S-C y^-Vl jJk A-J Jy4? 4 J 2 -SJ 0 /\ti\ (J Ji jt 4(^ 

Jajiy>* Ty* ^lJj>tdwol 




jj b jiaiJ! j jj^3I j j,Ja21 ialiU) 


>oy 


Au^Jl la&J! uGLu j AjIXS 

\jyfi -Ji oULj J^Ucs yljl OpenGL yjj 

y Vj-^ ! y ^ - 4 siji^ I i. : : glReadPixels() ■ 

S^S^li d&Utu j o^IdJ! 

y-Js Vj-^' JsUJl y sLiaiw" 2iji^ ySC : glDrawPixels() ■ 

.y»U-l a_^li j aJs oULJl y dl!i j jlls^U Axijii a^LiS) 

yA 1 d^ \_&d 1 y iLlaxw Aiji^ : glCopyPixelsQ ■ 

.424^11 8^S^IJll! y» y-T ijl^a j_^l jlia^>U 424 4^S^IJJi (3 OlSC» 

s-Uo^l ^ iglReadPixeis() *Uo 2 «.V <uL^ JiCij ySf! ijj* ^>j^i o\ J>s„ 
y^s LUk* oULJl y>J V glCopyPixels() ^Us^-L .glDrawPixels() 

4*St <y s-(_y4 4-LLwdl yljVI ^t-UJ j a^S^ti 

glReadPixe/sf) y»Vl 

:yVl liA j»UJl J^jlS! 

void glReadPixels(GLint x, GLint y, GLsizei width, GLsizei height, 
GLenum format, GLenum type, GLvoid * pixels); 

oLj!Jj>-| 4243^ a! 3 ^LU-... -j 4a,U:* y» 43j.^ll JaUiJl CjULj tyj 

) width siioju l*oU>f j (x,y ) ^JL sijaill aii aJjLJI 4>jL«Ji yljJi 
. pixels l$Jl jLiil 4ijjj-^ll y -45 4jy j :( ^UjjVt ) height j ( yyJl 
ul yCc ) u,iy ^ 4J_yJl J?UJi oULj ysLp J] format jii yj 

o^uLhJi fyy di l°! l(R,g,b,a 4-*J jt 0jJ ^^3 p-*3 l)j$\J 

i^UJ! oULj ^?Lp ) format ^U^di J^Uii JjaJrl 

:( 2lj j^l 




> oA 


OpenGL 


4-J j a/$\ i d->ULj y' y) 

. $J^>- J l) j} (Jf* 4-<x*i 

(3jjV^ 4 -Jj ojJJl oj-^ 

<Li-J 4_Jj c3jjV^ 4 -Jj jj^^l JjJJi 0 

liJi aJLLjJi 


GL_ COLOR_INDEX 

GL_RGB 

GL RGB A 




i o jJ o 


wLp-J jjJ j j> s-« 


-U>-j Jjjjl j-5 j 


J ji 0 


wL^-j 4-Jli 0 ^Ss-* 






J jJ^O-P sj 


GL_RED 

GL_GREEN 

GL_BLUE 

GL_ALPHA 

GL_LUMINANCE 

GL_LUMINANCE_ALPHA 

GL_STENCIL_INDEX 

GL_DEPTH_COMPONENT 

















j Jajkail j j JaULUl 


^ on 


1^ ja /3 *P dldULo ^^ typ@ .I^^wW^qU 4j^g J^ 'i p^-usJi ^Lljl 


oil L-Jl 




r* 


vi 


8 bit Joj*p 


GL UNSIGNED BYTE 


8 bit J jh-i y*y ^y^P oJ-p 


GL BYTE 


8 bit ij j-}* 2 -* & _y* y* J ^}<apI $y~>-^ oUU^ 


GL BITMAP 


18 bit d^ 2 -! y*y* yA" ^-y^P oUp- 


GL UNSIGNED SHORT 


1 6 bit Qyfe-l y>y* T^yP^-P o~Lp 


GL SHORT 


32 bit J j)p-i y y* yA' ^-y-p oJp 


GL UNSIGNED INT 


32 bit J jh-> ^y^p oAp 


GL INT 


aijJs u-t 4 ^ji p 4-U^si :>~ip 


GL FLOAT 


glDra wPixelsQ j/tf! 

: yH\ ULA fUi! jPdJl 

void glDrawPixels(GLsizei width, GLsizei height, GLenum format, 
GLenum type, const GLvoid *pixels); 

Aplijjl j width j& <lj jpz Jl Js’ULJ) oULj I*1a ^ 

jj> -up y3 ^^Jl aJ 4jjL—J l a-LlJI 4j jl^Ji ^i j»—"jj . height 

glReadPixeis() j jjSJiii type j format o\P^y diU .JUd 











OpenGL JjJj 


U. 


pixels Jjl> Lg-J} jLill (J .JiiLJl tjJj-bU J «jjSMll ^Ji\ yJu j 

/Jj jjp ^L£-l *Jj y* a»_Js 4 .Igj^j ,iSjll ^*j.'<jll JsULJl oULj 


j Jb^lj ajL 4 jf ®s-ly tformat - 4^*4 ajT _yfjb 

(Jl Sj jL~x format 34 * 4 tjl4 J~~x ^Ip .^Lp auj! ^>- 

type= a^J O' )32 bit :>I-x 4 J.I t ju c~£" j GL_RGBA 

i .26 bytes (4 ^l^i~x l y& \jyj> sjaii JS"" jli dJ-54 A^i-xj j t( GL_INT 

.^ 6^4-* ^JS\J c-jIj 4 x oU4 bjjJ ) 
giCopyPixeisQ y)t I 
:ySl\ 1.U j*UJl JSCdJ! 

void glCopyPixels(GLint x f GLint y, GLsizei width , GLsizei height , 
GLenum type); 

aJjI! 5aL}j—~. x 4ajg^ Adjd® J^Laj oULj «aj 

height I^pUj" jl j width lg-d>_/>j (X/J ^ ajj^ 3j jijJi ®JJ. a-LlJI ajUJI a 


^*>4 X& ^jT. slkjcx a] AjL— Jt a jljjl oL^liA^-j y oUUJl . 

. GL_DEPTH jt GL_STENCIL jt GL_COLOR 4 type a-JS .JU-I 
aJj giReadPixeisQ y^ Ald^ J£4 j giCopyPixeisQy^\ 

.type j format OlU^4 j4 y JUii ^I ^ glDrawPixeisQ 
jt GL_DEPTH ^ giCopyPixeisQ y^ type W cJlS' 4 ■ 

GL_DEPTH_COMPONENT p-SJl flJbu -,1 .44 t GL_STENCIL 
yy^ format Ja^l ^ GL_STENCIL_INDEX jf 

. glDrawPixeisQ j gIReadPixeisQ 




j JajlaaJI j Ajihaifl j j AjjjJaJI Jaliill 


j»Lbtul dlii usp i GL_COLOR ^ type k>_i cuilS"” til 
^ J* f UkJ! jai aJU v— GL_COLOR_INDEX j\ GL_RGBA 

.O^Ul 4 R,G,B,A 


Ji liU** V oULJi oV format 


u ^Jl ^ljj>CU*y k>rla>- V AjI 


ili-l 5 .S'li 


?3£ia)I jQft? jfllAij jl £jLu/£J 

(_yLp j 3 -j ju> AjaJL' (Jj i_uS^J (J kJjui AjaJLi JS' (_£.jLxpI J^Lio 

^lUstub S jy^ l/ 5 ^! s^ljj j-up ( J^uo j (_gkp-li .JJuLiJt 

: Jliil j*l*Jl JSLsJ! aJ csAJl glPixelZoom() 
vo/d glPixelZoom(GLfloat zoomx, GLfloat zoomy); 

JsLaJl kiss' oLLp jywa; jt juScd ZOOmy j ZOOmX jlja-^j»0atuo 

,X,y il*J J* j kSUJl ^^ip kij^aJl 

tL^JSO 2.0 cu«u?j lil . 1.0 ku!^siVl zoomy j zoomx a*J 

.A—>LsJl ^ip AJ JsULi 4 *i j J ■/»'! «LJjU Ajaai ( JS' ■ _ ~A- "... a 

.kjL- j*—* dJJ'lS' j j—S' A^-* ^-^JT 

uliuiaj 


f&fa 

JrfIS W- -IJjJU 

kckj glBitmapQ ySll j»Lucub J^IS' Ja^ ju^ip jjasil IJL* 

• jW 

(Jl—li lUfc A—U , jt^j\ ^jA>Jij j*j ^S' AU ^j»*lS' ■ l g P~ C-* 

Bitmap a*] zj& S5 j? ^y^s'W Iua 3 ajI V| ( F Zij^~\ JUu ) j^l—Jl 

jl^isl k-J'y cj JS' .( £jjji!l J liJJS 3 ^ J^j A. jgii SJJU’ ) Ajjlss^ 
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UY 


applicdtionS 1 l y) 
: a20.cpp t-iiil JUl <jz jJl ^ a20.cpp <_J»Jll 

#include <windows.h> 

#include <gl\gf.h> 

#include <gl\glu.h> 

#include <gi\gluth> 

GLubyte rasters[][13] = { 

{0x00, 0x00, 0x00, 0x00, 0x00, OxOO, 0x00, 0x00, 0x00, OxOO, 0x00, 0x00, 0x00}, 

{OxOO, OxOO, 0x18, 0x18, OxOO, OxOO, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18}, 

{OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, 0x36, 0x36, 0x36, 0x36}, 

{OxOO, OxOO, OxOO, 0x66, 0x66, Oxff, 0x66, 0x66, Oxff, 0x66, 0x66, OxOO, OxOO}, 

{OxOO, 0x00, 0x18, 0x7e, Oxff, Ox lb, Oxlf, 0x7e, 0xf8, 0xd8, Oxff, 0x7e, 0x18}, 

{0x00, 0x00, OxOe, Oxl b, Oxdb, 0x6e, 0x30, 0x18, OxOc, 0x76, Oxdb, 0xd8, 0x70}, 

{0x00, 0x00, 0x7f, 0xc6, Oxcf, 0xd8, 0x70, 0x70, 0xd8, Oxcc, Oxcc, 0x6c, 0x38}, 

{0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, OxOO, 0x00, 0x18, Oxlc, OxOc, OxOe}, 

{0x00, 0x00, OxOc, 0x18, 0x30, 0x30, 0x30, 0x30, 0x30, 0x30, 0x30, 0x18, OxOc}, 

{0x00, 0x00, 0x30, 0x18, OxOc, OxOc, OxOc, OxOc, OxOc, OxOc, OxOc, 0x18, 0x30}, 

{0x00, 0x00, 0x00, 0x00, 0x99, 0x5a, 0x3c, Oxff, 0x3c, 0x5a, 0x99, 0x00, 0x00}, 

{0x00, 0x00, 0x00, 0x18, 0x18, 0x18, Oxff, Oxff, 0x18, 0x18, 0x18, 0x00, 0x00}, 

{0x00, 0x00, 0x30, 0x18, Oxlc, Oxlc, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00}, 

{0x00, 0x00, 0x00, 0x00, 0x00, 0x00, Oxff, Oxff, 0x00, 0x00, 0x00, 0x00, 0x00}, 

{0x00, 0x00, 0x00, 0x38, 0x38, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00}, 

{0x00, 0x60, 0x60, 0x30, 0x30, 0x18, 0x18, OxOc, OxOc, 0x06, 0x06, 0x03, 0x03}, 

{0x00, 0x00, 0x3c, 0x66, 0xc3, 0xe3, 0xf3, Oxdb, Oxcf, 0xc7, 0xc3, 0x66, 0x3c}, 

{0x00, 0x00, 0x7e, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x78, 0x38, 0x18}, 

{0x00, 0x00, Oxff, OxcO, OxcO, 0x60, 0x30, 0x18, OxOc, 0x06, 0x03, 0xe7, 0x7e}, 

{0x00, 0x00, 0x7e, 0xe7, 0x03, 0x03, 0x07, 0x7e, 0x07, 0x03, 0x03, 0xe7, 0x7e}, 

{0x00, 0x00, OxOc, OxOc, OxOc, OxOc, OxOc, Oxff, Oxcc, 0x6c, 0x3c, Oxlc, OxOc}, 

{0x00, 0x00, 0x7e, 0xe7, 0x03, 0x03, 0x07, Oxfe, OxcO, OxcO, OxcO, OxcO, Oxff}, 

{0x00, 0x00, 0x7e, 0xe7, 0xc3, 0xc3, 0xc7, Oxfe, OxcO, OxcO, OxcO, 0xe7, 0x7e}, 

{0x00, 0x00, 0x30, 0x30, 0x30, 0x30, 0x18, OxOc, 0x06, 0x03, 0x03, 0x03, Oxff}, 

{0x00, 0x00, 0x7e, 0xe7, 0xc3, 0xc3, 0xe7, 0x7e, 0xe7, 0xc3, 0xc3, 0xe7, 0x7e}, 

{0x00, 0x00, 0x7e, 0xe7, 0x03, 0x03, 0x03, 0x7f, 0xe7, 0xc3, 0xc3, 0xe7, 0x7e}, 

{0x00, 0x00, 0x00, 0x38, 0x38, 0x00, 0x00, 0x38, 0x38, 0x00, 0x00, 0x00, 0x00}, 

{0x00, 0x00, 0x30, 0x18, Oxlc, Oxlc, 0x00, 0x00, Oxlc, Oxlc, 0x00, 0x00, 0x00}, 

{0x00, 0x00, 0x06, OxOc, 0x18, 0x30, 0x60, OxcO, 0x60, 0x30, 0x18, OxOc, 0x06}, 

{0x00, 0x00, 0x00, 0x00, Oxff, Oxff, 0x00, Oxff, Oxff, 0x00, 0x00, 0x00, 0x00}, 

{0x00, 0x00, 0x60, 0x30, 0x18, OxOc, 0x06, 0x03, 0x06, OxOc, 0x18, 0x30, 0x60}, 

{0x00, 0x00, 0x18, 0x00, 0x00, 0x18, 0x18, OxOc, 0x06, 0x03, 0xc3, 0xc3, 0x7e}, 

{0x00, 0x00, 0x3f, 0x60, Oxcf, Oxdb, 0xd3, Oxdd, 0xc3, 0x7e, 0x00, 0x00, 0x00}, 

{0x00, 0x00, 0xc3, 0xc3, 0xc3, 0xc3, Oxff, 0xc3, 0xc3, 0xc3, 0x66, 0x3c, 0x18}, 

{0x00, 0x00, Oxfe, 0xc7, 0xc3, 0xc3, 0xc7, Oxfe, 0xc7, 0xc3, 0xc3, 0xc7, Oxfe}, 

{0x00, 0x00, 0x7e, 0xe7, OxcO, OxcO, OxcO, OxcO, OxcO, OxcO, OxcO, 0xe7, 0x7e}, 

{0x00, 0x00, Oxfe, Oxce, 0xc7, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3, 0xc7, Oxce, Oxfe}, 

{0x00, 0x00, Oxff, OxcO, OxcO, OxcO, OxcO, Oxfe, OxcO, OxcO, OxcO, OxcO, Oxff}, 

{0x00, 0x00, OxcO, OxcO, OxcO, OxcO, OxcO, OxcO, Oxfe, OxcO, OxcO, OxcO, Oxff}, 

{0x00, 0x00, 0x7e, 0xe7, 0xc3, 0xc3, Oxcf, OxcO, OxcO, OxcO, OxcO, 0xe7, 0x7e}, 

{0x00, 0x00, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3, Oxff, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3}, 

{0x00, 0x00, 0x7e, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x7e}, 

{0x00, 0x00, 0x7c, Oxee, 0xc6, 0x06, 0x06, 0x06, 0x06, 0x06, 0x06, 0x06, 0x06}, 

{0x00, 0x00, 0xc3, 0xc6, Oxcc, 0xd8, OxfO, OxeO, OxfO, 0xd8, Oxcc, 0xc6, 0xc3}, 

{0x00, 0x00, Oxff, OxcO, OxcO, OxcO, OxcO, OxcO, OxcO, OxcO, OxcO, OxcO, OxcO}, 

{0x00, 0x00, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3, Oxdb, Oxff, Oxff, 0xe7, 0xc3}, 

{0x00, 0x00, 0xc7, 0xc7, Oxcf, Oxcf, Oxdf, Oxdb, Oxfb, 0xf3, 0xf3, 0xe3, 0xe3}, 
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{0x00, 0x00, 0x7e, 0xe7, OxcJ / 0xc3 r 0xc3 / 0xc3, 0xc3 f 0xc3, Oxe7 7 0x7e}, 

{OxOO, OxOO, OxcO, OxcO, OxcO, OxcO, OxcO, Oxfe, Oxc7, 0xc3, 0xc3, Oxc7, Oxfe}, 
{OxOO, OxOO, Ox3f, 0x6e, Oxdf, Oxdb, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3, 0x66, Ox3c}, 
{OxOO, OxOO, 0xc3, 0xc6, Oxcc, 0xd8, OxfO, Oxfe, Oxc7, 0xc3, Oxc3, Oxc7, Oxfe}, 
{OxOO, OxOO, Ox7e, 0xe7, 0x03, 0x03, 0x07, Ox7e, OxeO, OxcO, OxcO, Oxe7, Ox7e}, 
{OxOO, OxOO, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, Oxff}, 
{OxOO, OxOO, 0x7e, 0xe7, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3}, 
{OxOO, OxOO, 0x18, 0x3c, Ox3c, 0x66, 0x66, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3}, 
{OxOO, OxOO, 0xc3, Oxe7, Oxff, Oxff, Oxdb, Oxdb, 0xc3, 0xc3, 0xc3, 0xc3, 0xc3}, 
{OxOO, OxOO, 0xc3, 0x66, 0x66, 0x3c, 0x3c, 0x18, 0x3c, 0x3c, 0x66, 0x66, 0xc3}, 
{OxOO, OxOO, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x3c, 0x3c, 0x66, 0x66, 0xc3}, 
{OxOO, OxOO, Oxff, OxcO, OxcO, 0x60, 0x30, Ox7e, OxOc, 0x06, 0x03, 0x03, Oxff}, 
{OxOO, OxOO, 0x3c, 0x30, 0x30, 0x30, 0x30, 0x30, 0x30, 0x30, 0x30, 0x30, Ox3c}, 
{OxOO, 0x03, 0x03, 0x06, 0x06, OxOc, OxOc, 0x18, 0x18, 0x30, 0x30, 0x60, 0x60}, 
{OxOO, OxOO, 0x3c, OxOc, OxOc, OxOc, OxOc, OxOc, OxOc, OxOc, OxOc, OxOc, Ox3c}, 
{OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, 0xc3, 0x66, 0x3c, 0x18}, 
{Oxff, Oxff, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO}, 
{OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, 0x18, 0x38, 0x30, 0x70}, 
{OxOO, OxOO, 0x7f, 0xc3, 0xc3, 0x7f, 0x03, 0xc3, 0x7e, OxOO, OxOO, OxOO, OxOO}, 
{OxOO, OxOO, Oxfe, Oxc3, 0xc3, 0xc3, 0xc3, Oxfe, OxcO, OxcO, OxcO, OxcO, OxcO}, 
{OxOO, OxOO, Ox7e, 0xc3, OxcO, OxcO, OxcO, 0xc3, 0x7e, OxOO, OxOO, OxOO, OxOO}, 
{OxOO, OxOO, 0x7f, 0xc3, 0xc3, 0xc3, 0xc3, 0x7f, 0x03, 0x03, 0x03, 0x03, 0x03}, 
{OxOO, OxOO, Ox7f, OxcO, OxcO, Oxfe, Oxc3, Oxc3, Ox7e, OxOO, OxOO, OxOO, OxOO}, 
{OxOO, OxOO, 0x30, 0x30, 0x30, 0x30, 0x30, Oxfe, 0x30, 0x30, 0x30, 0x33, Oxle}, 
{0x7e, 0xc3, 0x03, 0x03, 0x7f, 0xc3, 0xc3, Oxc3, 0x7e, OxOO, OxOO, OxOO, OxOO}, 
{OxOO, OxOO, 0xc3, Oxc3, 0xc3, 0xc3, 0xc3, 0xc3, Oxfe, OxcO, OxcO, OxcO, OxcO}, 
{OxOO, OxOO, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, OxOO, OxOO, 0x18, OxOO}, 
{0x38, 0x6c, OxOc, OxOc, OxOc, OxOc, OxOc, OxOc, OxOc, OxOO, OxOO, OxOc, OxOO}, 
{OxOO, OxOO, 0xc6, Oxcc, 0xf8, OxfO, 0xd8, Oxcc, 0xc6, OxcO, OxcO, OxcO, OxcO}, 
{OxOO, OxOO, 0x7e, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x78}, 
{OxOO, OxOO, Oxdb, Oxdb, Oxdb, Oxdb, Oxdb, Oxdb, Oxfe, OxOO, OxOO, OxOO, OxOO}, 
{OxOO, OxOO, 0xc6, 0xc6, 0xc6, 0xc6, 0xc6, 0xc6, Oxfe, OxOO, OxOO, OxOO, OxOO}, 

{OxOO, OxOO, 0x7c, 0xc6, 0xc6, 0xc6, Oxc6, 0xc6, 0x7c, OxOO, OxOO, OxOO, OxOO}, 

{OxcO, OxcO, OxcO, Oxfe, Oxc3, Oxc3, 0xc3, 0xc3, Oxfe, OxOO, OxOO, OxOO, OxOO}, 
{0x03, 0x03, 0x03, 0x7f, 0xc3, 0xc3, 0xc3, Oxc3, 0x7f, OxOO, OxOO, OxOO, OxOO}, 

{OxOO, OxOO, OxcO, OxcO, OxcO, OxcO, OxcO, OxeO, Oxfe, OxOO, OxOO, OxOO, OxOO}, 

{OxOO, OxOO, Oxfe, 0x03, 0x03, Ox7e, OxcO, OxcO, 0x7f, OxOO, OxOO, OxOO, OxOO}, 

{OxOO, OxOO, Oxlc, 0x36, 0x30, 0x30, 0x30, 0x30, Oxfe, 0x30, 0x30, 0x30, OxOO}, 

{OxOO, OxOO, 0x7e, 0xc6, 0xc6, Oxc6, Oxc6, 0xc6, 0xc6, OxOO, OxOO, OxOO, OxOO}, 

{OxOO, OxOO, 0x18, Ox3c, Ox3c, 0x66, 0x66, 0xc3, 0xc3, OxOO, OxOO, OxOO, OxOO}, 

{OxOO, OxOO, 0xc3, Oxe7, Oxff, Oxdb, Oxc3, Oxc3, 0xc3, OxOO, OxOO, OxOO, OxOO}, 
{OxOO, OxOO, 0xc3, 0x66, 0x3c, 0x18, 0x3c, 0x66, 0xc3, OxOO, OxOO, OxOO, OxOO}, 

{OxcO, 0x60, 0x60, 0x30, 0x18, 0x3c, 0x66, 0x66, 0xc3, OxOO, OxOO, OxOO, OxOO}, 

{OxOO, OxOO, Oxff, 0x60, 0x30, 0x18, OxOc, 0x06, Oxff, OxOO, OxOO, OxOO, OxOO}, 
{OxOO, OxOO, OxOf, 0x18, 0x18, 0x18, 0x38, OxfO, 0x38, 0x18, 0x18, 0x18, OxOf}, 
{0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18, 0x18}, 
{OxOO, OxOO, OxfO, 0x18, 0x18, 0x18, Oxlc, OxOf, Oxlc, 0x18, 0x18, 0x18, OxfO}, 
{OxOO, OxOO, OxOO, OxOO, OxOO, OxOO, 0x06, 0x8f, Oxfl, 0x60, OxOO, OxOO, OxOO} 

}; 

GLuint fontOffset; 
static void redraw(void); 
int main(int arge, char **argv); 
void makeRasterFont(void) 

{ 

GLuint i; 

giPixelStorei( GL_ UN PA CK_ALIGNMENT, 1); 
fontOffset = giGenLists (128); 
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for (i = 32; i < 127; i++) { 
glNewListp+fontOffset, GL_COMPILE); 
glBitmap(8, 13, 0.0, 2.0, 10.0, 0.0, rasters[i-32]); 
glEndListQ; 

} 

} 

void myinit(void) 

{ 

gIShadeModef (GL_FLAT); 
makeRasterFontQ; 

} 

void printstring (char 

{ 

gIPushAttrib (GL_LIST_BIT); 
giListBase(fontOffset); 

glCallLists(strien (s), GL__ UNSIGNED_B YTE, (GLubyte *) s); 
giPopAttrib (); 

} 

int main(int argc, char **argv) 

{ 

g!utlnit( &argc,argv); 

glutInitDisp!ayMode(GLUT_RGB \ GLUT_DOUBLE \ GLUT_DEPTH); 

giutInitWindowPosition(100,100); 

glutlnitWindowSize (400,400); 

glutCreateWindowCFont Bitmap 1 ’); 

myinitQ; 

giutDisplayFunc(redra w); 
gJMatrixMode(GL_PROJECTION); 
giuPerspective(45,1.0,10.0,200.0); 
g!MatrixMode( GL__MODEL VIEW); 
giutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

GLfloat biue[3] = { 0.0, 0.0, 1.0}; 
int i, j=0; 

char teststring[33]; 
gldearColor( 1.0,1.0,1.0,0.0); 

gICiear(GL_COLOR_BUFFER_BIT\GL_DEPTH_BUFFER_BIT); 
glLoadlden tity(); 

g!Transiatef( -20. Of,-150. Of, -200. Of); 
giColor3fv(blue); 
for (i = 32; i < 127; i += 32) { 
gIRasterPos2i(-40, 230 - 18*i/32); 
for (j = 0; j < 32; j++) 
teststring[j] = (char) (i+j); 
teststring[32] = 0; 
printString(teststring); 

} 

glRasterPos2i( -40,150); 
printString("OpenGL good graphic iibrary "); 
glRasterPos2i(-40, 130); 
printstring ("You must learn it"); 
giutSwapBuffersQ; 

} 
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GLUTlaZMl jil bjb&i j^lji jkliiuttl 

^ip y>j j5^ j\,, 1^*3 ^sj ^Jl Stroke ^\j^>zs^\ ^1p 
; y . " oI ,^ ^ ^rlj ^Iaj.1 ^ HfieS 4->o-«'MJLli ^ $ Jjl>~^ 

JU! ^ 2 -J) t_^S'l a21.cpp t-ili! ts^'j application82 ^1 \jJjo3 

: a21,cpp oilii j-w* 


#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#include <gl\glut.h> 

#include <math.h> 
static void redraw(void); 
int main(int argc, char **argv); 
int main(int argc, char **argv) 
{ 
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glutlr>it(&argc,argv); 

glutInitDisplayMode(GLUT_RGB | GLUT_DOUBLE \ 
GLUT_DEPTH); 

glutInitWindowPosition(100,100); 
glutInitWindowSize(400,400); 
glutCreateWindow("GLUT Font"); 
glutDisplayFunc(redra w); 
glMatrixMode( GL_PROJECTION); 
gluPerspective(45,1.0,10.0,300.0); 
glMatrixMode(GL_MODELVIEW); 
giutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

glClearColor( 1.0,1.0,1.0,0.0); 

glClear(GL_COLOR_BUFFER_BIT\GL_DEPTH_BUFFER_BIT); 
glLoadldentityQ; 

glTranslatef( -85. Of,-60. Of, -200. Of); 
glColor3f(1.0, 0.0, 0.0); 

f*'-' j 

glutStrokeCharacter( GLUT_STROKE_ROMAN, 65); 
glutStrokeCharacter( GLUT__STROKE_MONO_ROMAN, 66); 
gluts wapB offers (); 

} 

jSLiJl AaLJui] jjL> 






^JQ| ££41^11 JiaaII jftljLbUtf 

A4i44 > 

Texture u4$$j>y*4£ $iuS\ ul^a^ > 

LuSfjtt! uLuLb-l jOwI > 

♦ ♦* ^ ** #. * 

Textures uiljUl>^jjljij > 

AiUfiu&uIiJ > 

«♦ ♦♦♦ 
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tA^-1^ 0^i>J l ^ L<v^i 1 l 5^~ k—»wo«ijtj 

i^i-d-P L»^ 4 -j* 5 i ^ 4 -w4 ^+si i tli j-v^ IjLP ^JkX^r J . ^SI 1 ^S"" L^~ V I »AA 

^*\**U**£ $,LwMkS^1 0^^ 0 ^^* ,,, LaJ?^ ^ ^jk-C4-*^J ^..Lp . 4-^-wW Li!. I ^ l - '•* ^ ' ^ ^ *i<«7' 1 Ij 

^Lp a^jS/ 1 S^xJl 4 J 2 J y£ Ul tp^j-Ao ^Sljj! L5 S^l^- V ^oLp S^S" 

.A-ovb®^JJ 5\5"U- 

^*-£' jl!l jl&Aj ( 3 ^UJl (_£*A^“j JjUjS • < 3 sAjo L* ^cjsu* ^i-P pL**^"*^ 3.^7 ^-^jr 
Ol«&*Aji l) L—^jiwftJL) (_£ ^>-1 AjL kl^Ll^ Cd ^r}& a *a\\ ^lp 

.^Jfi-K^Ji j^J 4 j^jJ 1 ‘^ ^JiLoJo Aitjlj aJLj^J^ ^]ljLA j 

Texture Liiju^kMul^ 

id^l^jg.^-4 dkX& ^ ^.*3^ d^i^j &^-\ $ j jsusJi o^La 

Texture ^S j^i ^ 

^JjL« ^ jjA*j s^Lp ^ y*P CF* ^ J^F' !<m ^ m ^' Ja**ol 

^wjS^^iSi lJw^j oULJl ^JlSIjj ji /^JT a Jb<~lj Jjco jj^o (jl /^$Lc Lo3^ ^ jj^ll 

jil dJ-ii j oli^s-4 <btjl jl oli^SC* ji 3v<1)^S^w9 ^jA 

j wi»j^ ^ dliSJ Mipmapping iJL& .(^G.B.A) 

A^-llll L^-S '\JbtiJl S^IjJj 3JJ \X& j 4 4 jLU^- oISJj JU>-J 

A-J y*!p aJ^LAJ <-.*+T 4-uLjS^ A-J3T. Y 

RGBA __i 4»jLgjJi Jj t jij jU^>-Vi 

«-bw*! Ij ^ ^*il & j o~> Ij Lo ^ Fragment 0^ 

.Fragment 3 y ^!i y j( ) decal i^l il* c^jU j jK 
^juJI di^ c Fragment o^ j^c j\ Jj^uiJ jA\ *Ll>^Ij ^Ia!! iuliJl Ja^jj 




Texture s-ab) jUL f Lbj : ^ujU2) 


m 

0 jb d^jlj 0 jo*-VI »£.b*b^Vl a^LpVl j^jA dwL*-fl-^ 

jl Si 2 ^j Jj> bUxpl Fragment 

^IJj>sjl^1j ^.Lb^Vl JpuaJ .ijj^gJb* j-s^Lp Jp ^Lb^VI cJl 

J tJuJ! 3b^t ^S\J\ J^l GL_TEXTURE_ 1D oolxi! ^ gIEnable( ) ySl\ 
J-juS *UJi ^ UT cJ^Ji ubJ p~Tlp)i ^ GL_TEXTURE_2D c^UJl 

,aLLJ! ojIjxSI ^ g!Disab!e( ) ^iaxx^l ^Lb"Vi 

A-ow*> *JjA i ololJ^Vi ^ iw-b^lpil >A^*xAi j . 1 

i) j^\^S' 2>J^~ Uk1L« 4<L^JJlAI oLji.Jj>“Vi j _pJl oLj1Jj>-| Ajwb>txJ Aj^b- c^i 
A pil abL^- ci^LjI w\j>-VS dA^ »>A ^ , - «xAl 

Ot-jlJbA Jbr Oj^o C^AjtJl 4 -jUj pii Jj*-i cjlxil ^-P • <>L ^ VI 

^ uji^ri a> i ^bJi oljio>-i j 1.0 Ji o.o ^ \j>\ 

^~S*J d^L«*bl Lbjl j £jy> a!SCx> jlJj?r LjjJ 4jI ( j^jAii .$.^x> (^i OjSCj jl 

ajjIjU ( 0 , 0 ) jS wb»-lj SwL>»J jj? ^p"y ) SJ^ij 

(0 / l) J Ajj-bil Ap<>-Ji Aj jljU (1,1) J A-JjLwJI Ap**Ji Ajjlj-U (1,0) J 4-JjLxJ| Aj jL^Jl 
£t^*J <2Jc*J AjLwwb' ,,,, | b,i ^lx^- Jjii jljArl bb^ bi .Aj^LxJl AjjL^-Ji Ajjl^iJ 

jljArl (Jlx^ L5^ t aA^j jl^SsxJ! ^1 j-ll J ^^1 (3^^ jl^^sxil *AXP ^v^JT 4pil 

if 

.1 ASlfc j 3 jl3 j *- r S(j* J (j- 4 2 ^->aj 

ikuSVI LuSlp JJdM 

^Lc^S^VI c^-b* , |p j wbtJl aj^L>- 1 ^b*b^VI ^1 jj i^L^S^VI 1 p Olp'jj 

tJyw^ixJl ^ Jj biJj>tX^l jb"Vl ^Jl wUJl ybj 
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dJLJI AALu LuSlJttl 

♦ ♦♦ ♦ ♦♦ ^ 

<LjLj I_ S ~\jXJl i^juyu j*^L 

void g!TexImage2D(GLenum target , GLint level, GLint components, 
GLsizei width, GLsizei height, GLint border, GLenum format, 
GLenum type, const GLvoid *pixels); 

. gl_texture_2d 0 j£> oi s-A" ^ ^ '■target 

UjjJ Ol^"* lSj y)\ ^Ip ^ 1 ^j! a-lp j-LP ^w^eju^o; level 

. 4jLl!l a-t 4^-JjJl spbj • 0 Lfr**.** 0 Jaib 

jiil J oUt- 'i ^ 0 ^ j*ij :components 

. R OjJJl 0^"w» \ j*JjJl 

. /I iLitLSJl j R y-ty UjUl UjSL. PJU4 Y jvijl 

. £GB 01 /VI olijC. r 

. RGBA 01 /)J\ oUj$0 i pij! 

001 • +-'<2~j ^l #jj -^ 5 i width 

. ^j>z~yP ^ Jlp ii o^ 2 * 11 + 2 * (border) 
Oj^j oi 4 ia-;i . y~S~yi\ ajyfi o j_£ i height 

. ^Ap JXl CA^>- 2^m+2*(border) 

. 1 j\ 0 . jUa'yi j>y :border 

‘ o J5" .i_..P^Ol oULj '.format 

GL_COLOR_INDEX, GL_RGB, GL_RGBA, GL_RED, GL_GREEN, 
GL_BLUE, GL_ALPHA, GL_LUMINANCE, or GL_LUMINANCE_ALPHA 

< -JyS\ oyiii-j iix ~^*+- • type 

GL_BYTE, GL_UNSIGNED_BYTE, GL_SHORT, 

GL_UNSIGNED_SHORT, GL_INT, GL_UNSIGNED_INT, GL_FLOAT, or 
GL_BITMAP 

. aJf\jS\ J IjyA Jl oULj J ,1 I _jy y*j : pixels 
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JUuJI dJib’i luSIJUI 

0Ja*i: 0j-^SO OJ^j !ii ^ «w3LS^ wbtJl ^U-l j^S^i IL*>-I 

^jSsJj JjlJ! Ja* JjtJl (j^\j^\ $,La^-lj al^rl 3 ^aL$l 

.Bottom j Top J ^ jLUl OjJj j Height = 1 

:*uJl 2 u^W i r *S\j£\ U>1 j*j y>H ^l*}i J^siJl 

void glTexImagelD(GLenum target r GLint level, GLint components, 
GLsizei width, GLint border, GLenum format, GLenum type, const 
GLvoid * pixels); 

4j jjL^« Ll& Jl jl ^Lii^l c-btJl ^jIj 3 ^jl^Jl ^j& Li J^jL^jJt 

.JjtJl ^JUj o-w*J j a*3l <LoL>*! 

uuSljUl uLulJLH Alid 

♦ ♦♦ ^ ♦♦ * * 

Lj! a^^| ^ caL* j la^*^ .^a^- jl 4_*5 a ^^^ A a-L^ c— 

if 

jU JJjiS-a ^Ljsi ^jwl j jljJVl U-iL^2 J Lo^ <LfiJ ^IfiJl ^j^ijj la Li 

^jP L*P C-^-aS"^ ^^1 jl ij ^ i ^—^l^2J I J*}\ d-^ljlwL^“| 

jl jIjI jl aj>-lj j/j-a £.L~fTVI oLjIJj>-| ^jdiiJ jl /^jt 2 *jo.^* 

j*-wfc3rl /jp s,t,r,q _ i Lg-J} jliu otlla^j ^j! 3 aI^I 

.(x,y,z,w) 

. S ^yia^-Vl UjlJI Aj^L>-i i J&\ (j 

^3 ^a^i**j ■ Lc.j ) r ( Jj^L?!ti5 j s j t ^laj>-^l ci**J JjtJl a-JIj ^Jl 3 

.a^*JU> eju oldlJj>-| ^LiJV L)l j J 4 *o*-jjlS 1 J^>-Ij iv __! A 4li^a qj ^ 

Coior( ) jl Vertex( ) ySl ^Li^» 3^' olitu^i ^JJl y)^l 

.End j Begin C ^JU; ai^ 

^^)L>- ^a^-- ^ £0 , 1 J Cx*^^ ®*^Lp ^ calJla^-^yi qJu& Qj^j 

:^S\jA\ oLJIjl^I yfy r Ui J^aJt .JUi IJu^ 
void gITexCoord{ 1234 }{sifd}{v} (TYPE coords); 




OpenGL Jjk 


t VY 


q = 1 i t,r = 0 j s^jJi s glTexCoordl( ) W" 
q = 1 4 r = 0 j t,s OJJ £-«-~j glTexCoord2( ) W* 1 ^ 
.U:ad cJ! olAb-^i (JL j q = 1 o £3 glTexCoord3( ) 

.glTexCoord4( ) £* ob‘id-^1 JS" .jad 01 j/d j 
of jSU 7YPE pJ) TYPE -J Uiljit 2U-2JI j (s,i,f,d) 

oLk*j» ^jj ( GLdouble jf GLfloat jf Glint J GLshort 0jSj 

^ ^ i ^ 4^ t\ 6 j,i-? 1 i ^ ihA^eJLtA* b j t i C, ^^ t1 01 j' 0)! 1 

oli l-.^ 5"!^01 5i jsups. £.L~5"VI oLjIJj^] uOOJO o j oLjlJj>-j b_3^*7 cu*>- 

$ j+*jl2 as>tl^p>z^2 ]I oLjlwi^-Vi 01 ) £.L-**5"V1 ^0 -<>p 01 4^4 .sl^Vl 

,(<LpUJl oLjIJj>-V^ [~1,1] y£ 01 ^ J-^l 

4 J 2 J^>- jjl 01 j [ 0 / 1 ] Jl^rl jIp <w~5"ljOl oLj!Jj>-] 01 bOJ^5s_£ 

L-^S^i ^7 oLjlwb^] ^-4ij^ 015" 15} c5jj5s0l oWL*^5"^l sJU>- 3 .w~5" J^ ] 

b^-5"!^Ol ^ a^uJIOO 01 l005Cc t^^L^Vl !>^5" J 10 J,1 0 j- 4 


,4-OLoJl ^Ip Jl yg*;S ^LoL^-l 

Jip-t; wb-1 ji\ js j£\ 4^J ^ti l(C lamp ) c_~5"l (jj^-Sl l v^V' J^ 

^ * * 

01 oULjalSl 3 IwLuL* j-s^J^l 0j5o j cji-s^ 0p-l7 ji^Jl ^ jk+o >I j J <L*-jdl 

■i' ^ 

^js^Jl Sw^5"l j doLjlJj>-| cOlS^ 15U U>tjs^ 1 ^j- 4 <>=-^ 

AojljJl ^3 ^0^5^V1 ^j- 4 <5-b>-lj 4 j>b-c*J ^^Jg.,7 JJwUp 10 i]fl 0 ^j- 4 cJ^l 

OjJIj ^gijg-j ^J^-wJl ^iL j aOjLwOI 

jSldJt a] j t _^t o!^Ijb tj-jd glTexParameterQ ^b3l 


: JbJl ^UJt 

void glTexParameter{if}{v}(GLenum target, GLenum pname, TYPE 
pa ram); 



wr 


Texture uuS) joJL 4 p Im£] : ^-uUUS 


. GL_TEXTURE_ 1D J GL_TEXTURE_2D Jb=-t :target 



j ^ param j pname ^ 

param 

pname 

GL_CLAMP, GL_REPEAT 

GL_TEXTURE_WRAP_S 

GL_CLAMP, GL_REPEAT 

GL_TEXTURE_WRAP_T 

GL_NBAREST. GL_LINEAR 

GL_TEXTURE_MAG_FILTER 

GL_NEAREST, GL_LINEAR, 

; GL_NEAREST_MIPMAP_NEAREST, j 
; GL_NEAREST_MIPMAP_LINEAR, 
i GL_LINEAR_MIPMAP_NEAREST, 
GL_LINEAR_MIPMAP_LINEAR 

GL_TEXTURE_MIN_FILTER 

any four values in [0, 1] 

GL_TEXTURE_BORDER_COLOR 


J5 -flji!l jj-s^ oliJL* JuJl^- :^LjJI ^Ip l^iLjg.7 ^1 jli ^ 

:^S\jS\ jJy . Y 

Void g/GenTextures ( GLsizei n f GLuint *texture ); 

. UjlJ jj J,\ <~~f\ l ^Lc^T ^wip \n - 

. SjJ jil jl Si ^Lc^T t$J ^j j+p^s* J * texture - 

J w\Jjll o-j^ j£\ -la^j . Y* 

:a^ *1 ^ii JU-I JbJb£j 

void gIBindTexture ( GLenum target , GLuint texture ); 
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jl c—jJ Aj Jftjjwt L$j}\ j -.target - 

GL_TEXTURE_2D j' GL_TEXTURE_ 1D U JU-SJl jj& 
. <u^ J^Udi j! J.\ Ji\ : texture - 

!*XscJl A^jLj . 1 

void glTexImage2D(GLenum target , 

GLint level', 

GLint components, 

GLsizei width, 

GLsizei height, 

GLint border, 

GLenum format, 

GLenum type, 
const GLvoid * pixels) 

ol j* j\j Cte*j ■ 0 

void glTexParameter{fi}(GLenum target,GLenum pname,GLfloat 
pa ram); 

void glTexParameter{fi}v(GLenum target,GLenum pname,GLfloat 
*params); 

. “I 

glEnable(GL_ TEXTURE_ ID); 
glEnable(GL_ TEXTURE_2D); 

. l ^aJLL«Ji jJl a?-! glDisable() 

i_~;S”" LljLoS-b>-l .V 

void glTexCoordl{dfis}(GLdouble s); 

void glTexCoord2{dfis}(GLdouble s,GLdouble t); 

void glTexCoord3{dfis}(GLdouble s,GLdouble t,GLdouble r); 

void glTexCoord4{dfis}(GLdouble s,GLdouble t,GLdouble r,GLdouble 

q); 

void glTexCoordl{dfis}v(const GLdouble *v); 
void glTexCoord2{dfis}v(const GLdouble *v); 
void glTexCoord3{dfis}v(const GLdouble *v); 
void glTexCoord4{dfis}v(const GLint *v); 



Texture i-u£lj22U 4 11 f Lui£j : ^uuU2l J^41l 


Wo 


b>^uJ,\ x,y f z,w oLjIj^I y>\£j _^Jl oLj! Ss~\ Jic s,t f r,q 


■ j 

3uk£U&ukj 

W|l 

/£ukj%^ 

jj-p 1 a j4^ Texture jj {+*#j (_)-«■*£ • ^ 


^jiP iw~>5^0^»lJjj! Jj-jaj . ^j»JU t y«-L s dJ j* 2jjLl* g.\i j**j s-Laj obyj^> 

Sj jIjj jisLJl (jjjp <—®J J-ftLiJk! ^JjUL L«®j^-I _/“ 

i_^Tl ^ a22.cpp i_iill ts^h app!ication91 «-! li-ja; *^ijt . a*-js 45 


: a22.cpp l-a 11I jUi! ^yaJS 

#include <windows.h> 

#include <gl\gl.h> 

#include <gl\glu.h> 

#include <gl\giut.h> 

#define checklmageWidth 64 
#define checklmageHeight 64 

GLubyte checkImage[checkImageWidth][checkImageHeight][3]; 
yy jT^y i & ^ >^y ^ 

void makeCheckImage(void) 

{ 

int i, j, r, c; 

for (i = 0; / < checklmageWidth; i++) { 
for (j = 0; j < checklmageHeight; j++) { 
c = ((((i&0x8) == 0) A ((j&0x8))==0)) *255; 
checklmage[i][j][0] = (GLubyte) c; 
checklmage[i][j][l] = (GLubyte) c; 
checklmage[i][j][2] = (GLubyte) c; 

} 

} 

} 


void myinit(void) 
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{ 

glClearColor (0.0, 0.0, 0.0, 0.0); 
glEnable( GL_DEPTH_TEST); 
glDepthFunc( GL_LEQUAL); 
makeChecklmageQ; 

glPixelStorei(GL_UNPACK_ALIGNMENT, 1); 
glTexImage2D(GL_TEXTURE_2D, 0, 3, checklmageWidth, 
checklmageHeight, 0, GL_RGB, GL_UNSIGNED_BYTE, 
&checklmage[0][0][0]); 

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, 
GL_REPEAT); 

glTexParameterf(GL_ TEXTURE_2D, GL_ TEXTURE_ WRAP_ T, 
GL_REPEAT); 

glTexParameterf( GL_TEXTURE_2D, 
GL_TEXTURE_MAG_FILTER, GL_NEAREST); 
glTexParameterf( GL_ TEXTURE_2D, 

GL_TEXTURE_MIN_FILTER, GL_NEAREST); 
glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, 
GL_DECAL); 

glEnable(GL_ TEXTURE_2D); 
glShadeModel( GL_FLAT); 

} 

static void redraw(void); 

int mairt(int argc, char **argv); 

int main(int argc, char **argv) 

{ 

glutlnit(&argc,argv); 

glutInitDisplayMode(GLUT_RGB | GLUT_DOUBLE \ 
GLUT_DEPTH); 

giutInitWindowPosition(100,100); 
glutInitWindowSize(400,400); 
glutCreate Windo w("dra w Cheker"); 
giutDispiayFunc(redraw); 
myinitQ; 

glMatrixMode(GL_PROJECTION); 
giuPerspective(45,1.0,10.0,200.0); 
glMatrixMode(GL_MODELVIEW); 
glutMainLoop(); 
return 0; 

} 

static void redraw (void) 
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glClearColor( 1.0,1.0,1.0,0.0); 

glClear( GL_COLOR_BUFFER_BIT\ GL_DEPTH_BUFFER_BIT); 

glLoadlden tity(); 

glTranslatef( 0. Of, 0. Of,-10. Of); 

glColor3f(0.0, 0.0, 0.0); 

glBegin( GL_QUADS); 

glTexCoord2f(0.0, 0.0); glVertex3f(-2.0, -1.0, 0.0); 
glTexCoord2f(0.0, 1.0); glVertex3f(-2.0, 1.0, 0.0); 
glTexCoord2f( 1.0, 1.0); glVertex3f(0.0, 1.0, 0.0); 
glTexCoord2f( 1.0, 0.0); glVertex3f(0,0, -1.0, 0.0); 
glTexCoord2f(0.0, 0.0); glVertex3f(1.0, -1.0, 0.0); 
glTexCoord2f(0.0, 1.0); glVertex3f(1.0, 1.0, 0.0); 
glTexCoord2f(1.0, 1.0); glVertex3f(2.41421, 1.0, -1.41421); 
glTexCoord2f(1.0, 0.0); glVertex3f(2.41421, -1.0,-1.41421); 
glEndQ; 

glutSwapBuffers(); 

} 


jSLiJl JiasLijJ jjjLJl )1 jJJ 
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2 J SfX,) (3*J olj-« 3 J^U^I L r“i^"(_5^ <-^3 ( J-oaLv« . Y 

:^L US' ^a. t^-xJl redraw jap. t(y) jj£\ 

static void redraw(void) 

{ 

glClearColor( 1.0,1,0,1.0,0.0); 

glClear( GL_COLOR_BUFFER_BIT\ GL_DEPTH_BUFFER_BIT); 

glLoadIdentity(); 

glTranslatef( 0. Of, 0. Of,-10. Of); 

glColor3f(0.0, 0.0, 0.0); 

glBegin(GL_POL YGON); 

glTexCoord2f(0.0, 0.0); glVertex3f(-2.0, -1.0, 0.0); 
glTexCoord2f(0.0, 2.0); glVertex3f(-2.0, 1.0, 0.0); 
glTexCoord2f(3.0, 2.0); glVertex3f(0.0, 1.0, 0.0); 
glTexCoord2f(3.0, 0.0); glVertex3f(0.0, -1.0, 0.0); 
glEndQ; 

glBegin( GL_POL YGON); 

glTexCoord2f(0.0, 0.0); glVertex3f(1.0, -1.0, 0.0); 
glTexCoord2f(0.0, 2.0); glVertex3f(1.0, 1.0, 0.0); 
glTexCoord2f(3.0, 2.0); glVertex3f(2.41421, 1.0, -1.41421); 
glTexCoord2f(3.0, 0.0); glVertex3f(2.41421, -1.0, -1.41421); 
glEndQ; 

giutSwapBuffers(); 

} 
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glsJl ^ GL_REPEAT ^ GL_CLAMP f !a^l J* .r 

a^iSi Jap . siLJl y aJU-t J US' redraw *UjI ^ <, glTexParameter*() 

: myinitQ ^ 

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_ WRAP_S, 
GL_CLAMP); 

glTexParameterf(GL_ TEXTURE_2D, GL_ TEXTURE_ WRAP_ T, 
GL_CLAMP); 



Jap J\ .jS\ sUt £ c\amp j «i4i j repeat j&i . i 

IS myinitQ 

glTexParameterf(GL_ TEXTURE_2D, GL_ TEXTURE_ WRAP_ T, 
GL_CLAMP); 

glTexParameterf(GL_TEXTURE_2D, GL_ TEXTURE_ WRAP_S, 
GL_REPEAT); 
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i ( app92.bmp 5jj-^m ajL-S'Ij ^j l5 1p 1 J 1 * J^j 

^Iw^JxXvub I ibJl5C*l i_o^LLt jjjAJ 3jlv? > yij 

.Sg.it./9 jl ‘LiLiuJl *^L« JaJT (_^l (jLibtAJ ^tjJLiil 4 >-f ^lliil .\s*jf L,2ajl i SjLiJi 

w! application92 ^ U~Jaj yiS\ jbb^i ji «;>j*l! w ^Uiil 

j«?t J-L^l <j»*e il iJlU ^ aS’ljj a23.cpp i_iili 

: a23.cpp i_iiil JbJi 

#include <windows.h> 

#include <GL/glut.h> 

#include <stdio.h> 

#include <stdlib,h> 

GLuinttexture[l]; // -b-lj j JaiJ- j jyu 

// jJJ JJ bl jj 

float angle, angle2; 
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int moving, startx, starty; 
void redraw ( void ); 

//*_~r y a\j 41a ol* jJjca j^-lj jf i_a1a 2J>?J {j* -tS^Ul 

void load_texture ( char *file_name, int width, int height, int depth, 
GLenum colour_type, GLenum fiiter_type ) 

{ 

GLubyte *raw_bitmap ; 

FILE *fiie; 

if ((file = fopen(file_name, "rb"))==NULL ) 

{ 

printf ( "File Not Found : %s\n", file_name ); 
exit (1 ); 

} 

raw_bitmap = (GLubyte *) mailoc ( width * height * depth * 
( sizeof(GLubyte)) ); 
if (raw_bitmap == NULL) 

{ 

printf ( "Cannot allocate memory for texture\n"); 
fclose ( file); 
exit (1 ); 

} 

fread ( raw_bitmap, width * height * depth, 1, file ); 
fclose ( file); 

// <LjLy2l!l Jai JujJ- 


g ITexPara meteri ( GL_TEXTURE_2D, 

GL_TEXTURE_MAG_FILTER, filter_type ); 
gITexParameteri ( GL_TEXTURE_2D, 
GL_TEXTURE_MIN_FILTER, filter_type ); 

// ‘JoSF 

gITexEnvf ( GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, 
GL_ MO DU LA TE ); 

// jA\ ghj 

gluBuild2DMipmaps ( GL_TEXTURE_2D, colour_type, width, 
height, colour_type, GL_UNSIGNED_BYTE, raw_bitmap); 

// 5i jLA\ y J- 

free ( raw_bitmap ); 

} 
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void init ( void ) 

{ 

g/Enable ( GL_TEXTURE_2D ); 
gIPixelStorei ( GL_UNPACK_ALIGNMENT, 1 ); 
ioad_texture ( "app92.bmp", 256, 256, 3, GL_RGB, 
GL_LINEAR ); 

// Leave depth test off for speed, theres no 'in and out' 
movement anyhoo :) 

// glEnable (GL_DEPTH_ TEST); 
glEnable ( GL_CULL_FACE ); 
glClearColor (1,0, 1.0, 1.0, 0.0); 

} 

void draw_box ( void ) 

{ 

gIPushMatrix ( ); 
gIRotatef ( 90.0, 1.0, 0.0, 0.0 ); 
glCoior4f( 1.0, 1.0, 1.0, 1.0 ); 
glBindTexture(GL_TEXTURE_2D, texture[0]); 
glBegin( GL_QUADS); 

// Front Face 

glTexCoord2f(0.0f, O.Of); glVertex3f(-1.0f, -l.Of, 1.00; 
glTexCoord2f( 1.Of, O.Of); glVertex3f( l.Of, -l.Of, l.Of); 
glTexCoord2f(l.Of, l.Of); glVertex3f( l.Of, l.Of, l.Of); 
glTexCoord2f(0.0f, l.Of); giVertex3f(-1.0f, l.Of, l.Of); 
// Back Face 

giTexCoord2f(2.0f, O.Of); glVertex3f(-1.0f, -l.Of,-l.Of); 
glTexCoord2f(2.Of, 2.Of); glVertex3f(-1.0f, l.Of, -l.Of); 
glTexCoord2f(0.0f, 2.Of); glVertex3f( l.Of, l.Of, -l.Of); 
glTexCoord2f(0.0f, O.Of); glVertex3f( l.Of, -l.Of, -l.Of); 
// Top Face 

glTexCoord2f(0.Of, l.Of); glVertex3f(-1.0f, l.Of, -l.Of); 
glTexCoord2f(0.Of, O.Of); glVertex3f(-1.0f, l.Of, l.Of); 
glTexCoord2f(1.0f, O.Of); glVertex3f( l.Of, l.Of, l.Of); 
glTexCoord2f(1.0f, l.Of); glVertex3f( l.Of, l.Of, -l.Of); 
// Bottom Face 

glTexCoord2f(l.Of, 1.0f);giVertex3f(-1.0f, -l.Of, -l.Of); 
glTexCoord2f(0.Of, l.Of); glVertex3f( l.Of, -l.Of, -l.Of); 
glTexCoord2f(0.Of, O.Of); glVertex3f( l.Of, -l.Of, l.Of); 
glTexCoord2f(1.0f, O.Of); glVertex3f(-1.0f, -l.Of, l.Of); 
// Right face 
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glTexCoord2f(1.0f, O.Of); glVertex3f( l.Of, -l.Of, -l.Of); 
glTexCoord2f(1.0f, l.Of); glVertex3f( l.Of, l.Of, -l.Of); 
glTexCoord2f(0.0f, l.Of); glVertex3f( l.Of, l.Of, l.Of); 
glTexCoord2f(0.Of, O.Of); giVertex3f( l.Of, -l.Of, l.Of); 
// Left Face 

glTexCoord2f(0.0f, O.Of);glVertex3f(-l.Of, -l.Of, -l.Of); 
glTexCoord2f( 1.Of, O.Of); glVertex3f(-1.0f, -l.Of, l.Of); 
glTexCoord2f( 1.Of, l.Of); glVertex3f(-1.0f, l.Of, l.Of); 
glTexCoord2f(0.0f, l.Of); glVertex3f(-1.0f, l.Of, -l.Of); 
glEndQ; 
gIPopMatrix ( ); 

} 

void reshape ( int w, int h ) 

{ 

gIViewport ( 0, 0, (GLint) w, (GLint) h ); 
gIMatrixMode ( GL_PROJECTION); 
glLoadIdentity( ); 
if ( h==0 ) 

gluPerspective ( 45, (GLdouble)w, 1.0, 2000.0 ); 
else 

gluPerspective(45,(GLdouble)w/(GLdouble)h,1.0, 2000.0 ); 
gIMatrixMode ( GL_MODELVIEW ); 
glLoadldentity ( ); 

} 

void mouse (int button, int state, int x, int y ) 

{ 

if ( button ==GLUT_LEFT_BUTTON && state= =GLUT_DOWN ) 

{ 

moving = 1; 
startx = x; 
starty = y; 

} 

if ( button == GLUT_LEFT_BUTTON && state == GLUT_UP ) 
moving = 0; 

} 

void motion (int x, int y ) 

{ 

if ( moving ) 

{ 

angle = angle + ( x - startx ); 
angle2 = angle2 + ( y - starty ); 



OpenGL ^11 JJj 




startx = x; 
starty = y; 

glutPostRedisplay ( ); 

} 

} 

void idle_func ( void ) 

{ 

angle = angle + 0.1; 
if ( angle = = 360 ) 
angle = 0; 

glutPostRedisplay ( ); 

} 

void keyboard ( unsigned char key; int x, int y ) 

{ 

switch ( key ) 

{ 

case 27: /* Escape key */ 
exit(O); 
break; 
case T: 

glutFullScreen ( ); 
break; 
case 'w': 

glutReshapeWindow ( 500,500 ); 
break; 
default: 
break; 

} 

} 

/* Main Loop 

* Open window with initial window size, title bar, 

* RGBA display mode, and handle input events. */ 
int main ( int argc, char** argv ) 

{ 

glutlnit ( &argc, argv ); 

glutInitDisplayMode( GLUT_RGB \ GLUT_DOUBLE ); 
giutlnitWindowSize ( 250, 250); 
glutCreateWindow ( argv[0] ); 
initQ; 

glutReshapeFunc (reshape ); 
glutMouseFunc (mouse ); 
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glutMotionFunc (motion ); 
giutKeyboardFunc ( keyboard ); 
glutDisplayFunc (redraw ); 
glutldleFunc (idle_func ); 
glutMainLoop ( ); 
return 0; 

} 

void redraw ( void ) 

{ 

glClear (GL_ COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT); 

gIPushMatrix ( ); 

giTranslatef ( 0.0, 0.0, -4.0 ); 

gIRotatef ( angle2, 1.0, 0.0, 0.0 ); 

gIRotatef ( angle, 0.0, 1.0, 0.0 ); 

draw_box (); 

giPopMatrix ( ); 

glutSwapBuffers( ); 

} 

JiCiJl Jj&ULxj JjLJI -i-ii 
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^LJI Jma)) ja 4 ^nfoTtt Dub 4 a£IJU< uLaSUI ^LuSl 

4-Lj^ - Q^'j)* 1 ^J LgjLjTlj 15 J 

^l"j a24.cpp (_iU.l *iw> application93 «-l LLJ^- t (app93.bmp 

c-iiil i ^ ^ t ^J_ j * ^ * p* 


: a24.cpp 

#include <windows.h> 

#include <GL/glut.h> 

#include <stdio.h> 

#include <stdlib.h> 

GLuinttexture[ 1]; // Storage For One Texture ( NEW ) 

GLuint box,top,xloop,yloop; 

GLfloat xrot,yrot; 

static GLfloat boxcol[5][3]= 

{ 

{1.0f,0. Of, 0. Of}, {1. Of, 0.5f, 0. Of}, {1 .Of,l. Of, 0. Of}, {0. Of, 1. Of, 
0.0f},{0.0f,1.0f,1.0f} 

}; 

static GLfloat topcol[5][3]= 

{ 

{. 5f, 0. Of, 0. Of}, {0.5f, 0.25f, 0. Of}, {0.5f, 0.5f, 0. Of}, {0. Of, 0.5f, 
0.0f},{0.0f,0.5f,0.5f} 

}; 

GLvoid BuildLists(); 

static void redraw(void); 

int main(int argc, char **argv); 

void load_texture ( char *file_name, int width, int height, int depth, 
GLenum colour_type, GLenum filter_type ) 

{ 

GLubyte *raw_bitmap ; 

FILE *file; 

if ((file = fopen(file_name, "rb"))==NULL ) 

{ 

printf ( "File Not Found : %s\n", file_name ); 
exit (1 ); 
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} 

raw_bitmap = (GLubyte *) malloc ( width * height * depth * 
( sizeof(GLubyte)) ); 
if (raw_bitmap - = NULL) 

{ 

printf ( "Cannot allocate memory for texture\n" ); 
fclose ( file); 
exit (1 ); 

} 

fread ( raw_bitmap, width * height * depth , 1 , file ); 
fciose ( file); 

// Set Filtering type 
gITexParameteri ( GL_ TEXTURE_2D, 
GL_TEXTURE_MAG_FILTER f filter_type ); 
gITexParameteri ( GL_TEXTURE_2D, 

GL__TEXTURE_MIN_FILTER, filter_type ); 

// Set Texture Evironment 

gITexEnvf ( GL_TEXTURE__ENV, GL_TEXTURE_ENV_MODE, 
GL_MODULATE ); 

// Build Mipmaps 

gluBuild2DMipmaps ( GL_TEXTURE_2D, colour_type, width, 
height, colour_type, GL_UNSIGNED_BYTE, raw_bitmap); 

// Free up the array 
free ( raw_bitmap ); 

} 

void init ( void ) 

{ 

glEnable ( GL_TEXTURE_2D ); 
gIPixelStorei ( GL_UNPACK_ALIGNMENT, 1 ); 
load_texture ( "app93.bmp", 128, 128, 3, GL_RGB, 
GL_LINEAR ); 

gl Enable ( GL_CULL_FACE ); 
glClearColor (1.0, 1.0, 1.0, 0.0); 

} 

GLvoid BuildListsO 

{ 

box=glGenLists(2); 
glNewList(box, GL_COMPILE); 
g I Beg in (GL_ QUADS); 

// Bottom Face 
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glNorma 13f( O.Of,-l.Of, O.Of); 

glTexCoord2f(1.0f, l.Of); glVertex3f(-1.0f,-1.0f, -1.00; 
glTexCoord2f(0.0f, l.Of); glVertex3f( l.Of, -l.Of, -l.Of); 
glTexCoord2f(0.Of, O.Of); glVertex3f( l.Of, -l.Of, l.Of); 
glTexCoord2f( 1.Of, O.Of); glVertex3f(-1.0f, -l.Of, l.Of); 
// Front Face 

glNormal3f( O.Of, O.Of, l.Of); 

glTexCoord2f(0.0f, O.Of); glVertex3f(-1.0f, -l.Of, l.Of); 
glTexCoord2f( 1.Of, O.Of); glVertex3f( l.Of, -l.Of, l.Of); 
glTexCoord2f(l.Of, l.Of); glVertex3f( l.Of, l.Of, l.Of); 
glTexCoord2f(0.0f, l.Of); glVertex3f(-1.0f, l.Of, l.Of); 
// Back Face 

glNormal3f( O.Of, O.Of,-l.Of); 

glTexCoord2f(l.Of,O.Of); glVertex3f(-1.0f, -l.Of, -l.Of); 
glTexCoord2f(1.0f, l.Of); g/Vertex3f(-1.0f, l.Of, -l.Of); 
glTexCoord2f(0.Of, l.Of); glVertex3f( l.Of, l.Of, -l.Of); 
glTexCoord2f(0.0f, O.Of); glVertex3f( l.Of, -l.Of, -l.Of); 
// Right face 

glNorma!3f( 1. Of, 0. Of, 0. Of); 

glTexCoord2f( 1.Of, O.Of); giVertex3f( l.Of, -l.Of, -l.Of); 
glTexCoord2f( 1.Of, l.Of); giVertex3f( l.Of, l.Of, -l.Of); 
glTexCoord2f(0.Of, l.Of); glVertex3f( l.Of, l.Of, l.Of); 
glTexCoord2f(0.Of, O.Of); glVertex3f( l.Of, -l.Of, l.Of); 
// Left Face 

glNormal3f(-1.0f, O.Of, O.Of); 

glTexCoord2f(O.Of,O.Of); glVertex3f(-1.0f, -l.Of, -l.Of); 
glTexCoord2f( 1.Of, O.Of); glVertex3f(-1.0f, -l.Of, l.Of); 
glTexCoord2f(l.Of, l.Of); glVertex3f(-1.0f, l.Of, l.Of); 
glTexCoord2f(0.0f, l.Of); glVertex3f(-1.0f, l.Of, -l.Of); 
glEndQ; 
glEndList(); 
top=box+l; 

g!NewList(top, GL_COMPILE); 
glBeg in (GL_ QUADS); 

// Top Face 

glNormal3f( O.Of, l.Of, O.Of); 

glTexCoord2f(0.Of, l.Of); giVertex3f(-1.0f, l.Of, -l.Of); 
glTexCoord2f(0.Of, O.Of); glVertex3f(-1.0f, l.Of, l.Of); 
glTexCoord2f(l.Of, 0.Of); glVertex3f( l.Of, l.Of, 1.Of); 
glTexCoord2f( 1.Of, l.Of); gIVertex3f( l.Of, l.Of, -l.Of); 
glEndQ; 
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Ul 


glEndListQ; 

> 

int main(int argc, char **argv) 

{ 

glutlnit(&argc, argv); 

glutInitDisplayMode(GLUT_RGB \ GLUT_DOUBLE \ 
GLUT_DEPTH); 

glutInitWindowPosition(100,100); 
glutInitWindowSize(400,400); 

glutCreateWindow(”draw 15 Lighting&Texturing Boxes"); 
glutDisplayFunc(redraw); 

BuiidListsQ; 

init(); 

gIMatrixMode(GL_PROJECTION); 
gluPerspective(45,1.0,10.0,200.0); 
glMatrixMode( GL_MODELVIEW); 
glEnable(GL_LIGHTO); 
glEnable( GL_LIGHTING); 
glEnable( GL_COLOR_MATERIAL); 
glutMainLoopQ; 
return 0; 

} 

static void redraw(void) 

{ 

giClearCoior( 1.0,1.0,1.0,0.0); 

glClear( GL_COLOR_BUFFER_BIT\ GL_DEPTH_BUFFER_BIT); 
for (yloop=l;yloop<6;yloop++) 

{ 

for (xloop=O;xloop <yloop;xloop ++J 

{ 

glLoadlden tity(); 

g/Translated 1.4f+(float(xloop)*2.8f)~ 

(float(yloop) *1.4f), ((6. Of-float(yloop))*2.4f)~ 

7.Of,-20. Of); 

glRotatef(45.0f- 

(2. Of*yioop) +xrot, 1.0f,0. Of, 0. Of); 
glRotateff45. Of+yrot, 0. Of, 1. Of, 0. Of); 
glColor3fv(boxcol[yloop-l ]); 
glCallList(box); 
glCoior3fv(topcol[yloop-l ]); 
glCallList(top); 
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> 

> 


gluts wapBuffersQ ; 

> 

aaLaa) jjjLwJl jjjJ 



L_iiii) A r u^>j'^\ a ^i\ aJsj j£-, 4 ^S"" j ^Ip J^kJl IAA J-oJt; 

dilis'j JSLjo jijxb" J,] aiUi^fij t ( earth_r.raw 

'k>- ( ^A f ^llali la *-b L^2jI i^LSoT t 4jliJt ^lAsxA^b a ^S\Jl jJjAIj 

.^gat-xjgil jUa*^l (_^1 4 .5^*11 W Jaitys jl AJxUiJ) x^L« Ja£ ^1 JUili^J ^jLsil 

jj^ji ^aU jAvsj aS'I'j a25.cpp i_ aLU ^sjIj application94 aH IaJa 

• a25.cpp aaIII a.• aI^I jj^a) 

#include <windows.h> 

#include <GL/glut.h> 
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#include <stdio.h> 

#include <stdlib.h> 

// Angles here 

float angle, angle2; 

int moving, startx, starty; 

GLfloat ambient_light[] = {0.3, 0.3, 0.45, 1.0}; 

GLfloat sourceJight[] = {0.9, 0.8, 0.8, 1.0}; 

GLfloat light_pos[] = {7.0, 0.0, 0.0, 1.0}; 
void load_texture ( char *file_name, int width, int height, int depth, 
GLenum colour_type, GLenum filter_type ) 

{ 

GLubyte *raw_bitmap; 

FILE *file; 

if ((file = fopen(file_name, "rb”)) = =NULL ) 

{ 

printf ( "File Not Found : %s\n", file_name ); 
exit (1 ); 

} 

raw_bitmap = (GLubyte *) malloc ( width * height * depth * 
( sizeof(GLubyte)) ); 
if (raw_bitmap == NULL) 

{ 

printf ( "Cannot allocate memory for texture\n" ); 
fclose ( file); 
exit (1 ); 

} 

fread ( raw_bitmap, width * height * depth, 1, file ); 
fclose ( file); 

// Set Filtering type 
glTexParameter( GL_ TEXTURE_2D, 

GL_TEXTURE_MAG_FILTER, filter_type ); 
gITexParameteri ( GL_TEXTURE_2D, 

GL_TEXTURE_MIN_FILTER, filter_type ); 

// Set Texture Evironment 

gITexEnvf ( GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, 
GL_MODULATE ); 

// Build Mipmaps 

gluBuild2DMipmaps ( GL_TEXTURE_2D, colour_type, width, 
height, colour_type, GL_UNSIGNED_BYTE, raw_bitmap ); 

// Free up the array 
free ( raw_bitmap ); 
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} 

void init ( void ) 

{ 

// Set up simple lighting model 
glEnable ( GL_LIGHTING ); 

gILigh tModelfv( GL_LIGHT_M ODEL_A MBIENT, ambien t_ ligh t); 
gILightfv (GL_LIGHTO, GL_DIFFUSE, sourceJight); 
gILightfv ( GL_LIGHTO,GL_POSITION, light_pos ); 
glEnable ( GL_LIGHT0 ); 

// Enable material properties for lighting 
glEnable ( GL_COLOR_MATE RIAL ); 

glColorMaterial ( GL_FRONT, GL_AMBIENT_AND_DIFFUSE ); 

glEnable ( GL_ TEXTURE_2D ); 

gIPixelStorei ( GL_ UN PA CK_ALIGNMENT, 1 ); 

load_texture("earth_r.raw ", 640,320,3,GL_RGB,GL_LINEAR ); 

glEnable ( GL_ CULL_FA CE ); 

glClearColor (0.0, 0.0, 0.0, 0.0); 

} 

void draw_earth ( void ) 

{ 

gIPushMatrix ( ); 

gIRotatef ( 90.0, 1.0, 0.0, 0.0 ); 

glColor4f( 1.0, 1.0, 1.0, 1.0 ); 

GLUquadricObj* q = gluNewQuadric ( ); 
gluQuadricDrawStyle ( q, GLU_FILL ); 
gluQuadricNormais ( q, GLU_SMOOTH ); 
gluQuadricTexture ( q, GL_TRUE ); 
gluSphere ( q, 1.0, 20, 20 ); 
gluDeleteQuadric ( q ); 
gIPopMatrix ( ); 

} 

void redraw ( void ) 

{ 

glClear (GL_COLOR_BUFFER_BIT \ GL_DEPTH_BUFFER_BIT); 

gILightfv ( GL_LIGHTO,GL_POSITION, light_pos ); 

gIPushMatrix ( ); 

gITranslatef ( 0.0, 0.0, -4.0 ); 

gIRotatef ( angle2, 1.0, 0.0, 0.0 ); 

gIRotatef ( angle, 0.0, 1.0, 0.0 ); 

draw_earth (); 

gIPopMatrix ( ); 
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glutSwapBuffers( ); 

} 

void reshape (int w, int h ) 

{ 

gIViewport ( 0, 0, (GLint) w, (GLint) h ); 
gIMatrixMode ( GL_PROJECTION); 
glLoadIdentity( ); 
if ( h==0 ) 

gluPerspective ( 45, (GLdoubie)w, 1.0, 2000.0 ); 
else 

gluPerspective(45,(GLdouble)w/(GLdouble)h,1.0, 2000.0 ); 
gIMatrixMode ( GL_MODELVIEW ); 
glLoadldentity ( ); 

} 

void mouse (int button, int state, int x, int y ) 

{ 

if ( button == GLUT_LEFT_BUTTON && state = = 
GLUT_DOWN ) 

< 

moving = 1; 
startx = x; 
starty = y; 

} 

if ( button -= GLUT_LEFT_BUTTON && state == GLUT_UP ) 
moving = 0; 

} 

void motion (int x, int y ) 

{ 

if ( moving ) 

{ 

angle = angle + ( x - startx ); 
angle2 = angle2 + ( y - starty ); 
startx = x; 
starty = y; 

glutPostRedisplay ( ); 

} 

} 

void idle_func ( void ) 

{ 


angle = angle + 0.1; 
if ( angle = = 360 ) 
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ar?g/e = 0; 

glutPostRedisplay ( ); 

} 

#pragma argsused 

void keyboard ( unsigned char key, int x, int y ) 

{ 

switch ( key ) 

{ 

case 27: /* Escape key */ 
exit(O); 
break; 
case 'f: 

glutFullScreen ( ); 
break; 
case 'w': 

glutReshapeWindow ( 500,500 ); 
break; 
default: 
break; 

} 

} 

int main (int argc, char ** argv ) 

{ 

glutlnit ( &argc, argv ); 

glutInitDisplayMode( GLUT_RGB \ GLUT_DOUBLE ); 
glutlnitWindowSize ( 450, 450); 
glutCreate Window("Earth "); 
initQ; 

glutReshapeFunc (reshape ); 
giutMouseFunc (mouse ); 
glutMotionFunc (motion ); 
giutKeyboardFunc ( keyboard ); 
glutDisplayFunc (redraw ); 
glutldleFunc (idle_func ); 
glutMainLoop ( ); 
return 0; 

} 
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'i n V 


Primitives >^La)l k>«M 


1. gIBegin, glEnd, gIVertex, gIRect 


a>» SwLk 


«JuL ^U!l jSLiJi 


void gIBegin (GLenum mode); 
void glEnd (void); 

void glVertex2 {sifd}{v} (TYPE x, TYPE y); 

void glVertex3{sifd}{v} (TYPE x, TYPE y, TYPEz); 

void glVertex4 {sifd} {v} (TYPE x, TYPE y, TYPE z, TYPE wj; 

void glRect{sifd} (TYPE xl, TYPE yl, TYPE x2, TYPE y2); 

void glRect{sifd}v (const TYPE *vl, const TYPE *v2); 




4j2j 


LJI 


2. glEdgeFlag, glEdgeFlagv 

. <~.^>ll i i\j2- 4L*L>l* aju^ lM 

void glEdgeFlag (GLboolean flag); 

jJ- jf boundary JSLio L»! otilillj oLpU J>\j oUL^li <_jl y~ pi*j 


.nonboundary jjb*n 

. false jf true W auJ . AiU-l jJjJ aJU-I a^aJI :flag 

. AiU-l j»!p JuJ ^yaio boundary o sl*^! olihllj oLpU 

void glEdgeFlagv (const GLboolean *f!ag); 

. ^ 43il ) ^UAjl J JjjLvJ! 

Coordinate Transformation uLulJb-VI 

1. g I Rotate > gITranslate, gIScale, gIMultMa trix, gIFrustum, 
glOrtho 

. aJL^-1 43 A 1 i 

:>jVl aiA fUil Jx-iJl 

void glRotate{fd} (TYPE angle , TYPE x, TYPE y, TYPE z); 
void glTranslate{fd} (TYPE x, TYPE y, TYPE z); 
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void glScale{fd} (TYPE x, TYPE y, TYPE z); 
void gIMultMa trix{fd} (const TYPE *m); 

. SiJ 3 ■ /J C SJU“I Si jjLaLI 

. 4-Jbxli ulil ^ ytS" 4X4 Lk^Lxjl AS ^ ,A, A -^ \y* S^^z . m 

void gIFrustum (GLdouble left, GLdouble right; GLdouble bottom, 
GLdouble top, GLdouble near, GLdouble far); 

. ( JjIli Jj ) perspective h 1' siji^ib sJU-t si jIa it ^_ r i 2 j 


. ^Jij cjjUJl sJjiUJI l 4zlii oLolblA^i jbo^ ■j e ft / right 
■ j S^iity ( *JaAil obbb^4 -.bottom, top 


bjfc ^. ^.1$&\\ ojU s^j_aJi siL^Ji o bu^- .near, far 




void glOrtho (GLdouble left, GLdouble right, GLdouble bottom, 
GLdouble top, GLdouble near, GLdouble far); 

2. gILoadMatrix, glLoadldentity 

. SJU-I SijjL^ai! jl y)l I o!-Aa ^Js>CAj 


j( jjbi »L*Jl 

void glLoadMatrix{fd} (const TYPE *m); 

. asjjla£. as a ' ! 

. 4*JljixLi .it « £ JI SytA' ^yLp SS 4X4 Si j A ■A’ ^ \ yO S^^z • /T? 

void glLoadldentity (void); 

3. gIMatrixMode, gIPushMatrix, gIPopMatrix 

. Si jAA* £-* y \jVI 

:y\j)\ #JlA ^USl J^bJl 


void gIMatrixMode (GLenum mode); 


SJbJ~l sij A A 1 i 0 Si J A A * 


sJ>£ 


- b,, .j lijfe ys , S-Ji_>“i sijjs^aii osi yAp mode 

GL__ MODEL VIE W, GL_PROJECTION, GL_TEXTURE. 
void gIPushMatrix (void); 
void gIPopMatrix (void); 



4. gIDepthRange, glViewport 

.viewport Ji jljiJu* 

void gIDepthRange (GLclampd near, GLciampd far); 

. jUg^l oLoiwb>-j L^l C. ^Lolwl^-| ^jA Z ))d> d A-uip 

0 <wJL)i . t_o jli\ ^Jg-aSi ^jz^a ’.near 

. ]_ \^=>\j3^i\ A^JLlI . jUg^t oLjlJg*-] j,] wL^Jl ^ji^A .’far 

void glViewport (GLintx, GLinty, GLsizei width , GLsizei height); 

Coloring and Lighting £s te¥ Ij jiyVl 

1 . glColor, g/Index, g/Norma/3 

, A-JLi-l 53jjivail ^1 p 

8*iA >L*Jl J^LxJl 

void glColor3{bsifd ubusui}{v} (TYPE red, TYPE green, TYPE blue); 
void glColor4{bsifd ubusui}{v} (TYPE red, TYPE green, TYPE blue, 
TYPE alpha); 

void gllndex{sifd}{v} (TYPE index); 

void gINormai3{bsifd}{v} (TYPE nx, TYPE ny, TYPE nz); 

2. g!Light, g/Material, g/LightModeS 

.£ yA jl Js>Lcl jl sjlil j! j.i,/ j,» JsjLvuj ®>Aa 

^L*Jl ^jSljuJi 

void glLight{if}{v} (GLenum tight, GLenum pname, TYPE param); 
void glMaterial{if}{v} (GLenum face, GLenum pname, TYPE 
param); 

void glLightModel{if}{v} (GLenum pname, TYPE param); 

3. g/ShadeModel 

. JaJT JjJj>ejd tjjh 

: j/j\ liA jSCdJl 

void gIShadeModel (GLenum mode); 

4. g/FrontFace 
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: IJlA fUil JiCdJl 


void glFrontFace (GLenum dir); 

GL _ Cl/1/ apL-^JI ^jL&p L«j 4-o-J . jii dl^ri t_ \mode 


. GL_CCH/ apLJI ^jUp ji ( S^JLSI ) 

5 . glColorMaterial 

(3jJ-SLj JjlsCj Silil l)jJ Jjc£ 1.XA 


:^.Sfl loi fUit JSCiJl 

void glColorMaterial (GLenum face, GLenum mode); 

6. gIGetLight, gIGetMaterial 

. g.1 «jrg ll J »/J ■ <J ■ $■ 1 J ^ ^Lp (_J ^ Oi 


: UA »Ui! JS^J) 

void glGetLight{if}v (GLenum light, GLenum pname, TYPE 
* pa rams); 

.light £j-aJI jJ-a* JaLjj j^jS _l*j 


. j.j^aJl jwUa> :light 


: iP*Il . f._^ai\ JsjL-x j \pname 

GL_AMBIENT, GL_DIFFUSE, GL_SPECULAR, GL_POSITION, 
GL_SPOT_DIRECTION, GL_SPOT_EXPONENT, GL_SPOT_CUTOFF, 
GL_CONSTANT_ATTENUATION, GL_LINEAR_ATTENUATION, 

GL_ QUADRA TIC_ATTENUA TION. 


. x >jXkil oULJi Ju*j :params 

void giGetMaterial{if}v (GLenum face, GLenum pname, TYPE 
*params); 


. siL» J_aj 


Sit* GL_FR0NT ^La*yi I <oL> ^ ‘.face 


. GL_BACK 

: . 4i*J s^lpl ilSilii J^Jl4 ‘.pname 
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GL_AMBIENT, GL_DIFFUSE, GL_SPECULAR, GL_EMISSION, 

GL_SHININESS, GL_COLOR_INDEXES. 

. jJJail oULJl _l*j : pa rams 

Clipping 

1. glClipPlane 

:IJLA r UJ! jSCiJl 

void glClipPlane (GLenum plane, const GLdoubie * equation); 

2. gIGetClipPlane 

. p** (_£s^LpV I tJLft 

!JU jSkki 

void gIGetClipPlane (GLenum plane, GLdoubie * equation); 

. ip)** cP^L*\** -l*j 

. ^ai isj^* -.plane 

( *kiJi aJibt* Jii siaJl 5jipUi4 iuj'U ilstfli jUp! 2Uuji o-*j -.equation 

. ^klki ^I 3 plane > ^ 

Rasterization ^1 ia^ap 

1 . glRasterPos2 

. ^wkt -kp y* Ik* 

:ySl\ IJlA ftkl jSkiJ! 

void glRasterPos2{sifd}{v}(TYPE x, TYPE y); 

void glRasterPos3{sifd}{v}(TYPE x, TYPE y, TYPE z); 

void glRasterPos4{sifd}{v}(TYPE x, TYPE y, TYPE z, TYPE w); 

. A-Jj./jll JsLalll C^kkp Jjsrl ,'r 4 £w-kl J aP y* 
oLjIos-I jij Jkp £3j 1 x, y, z, w oLjIos-I p*3 : x, y, z, w 


Bitmap ^kk »jy^ y^l Ik* ^ 


2. gIBitmap 


OpenGL yit jjaJ) JJj 


X .X 


:yty IIA >Uil j£dJl 


void gIBitmap (GLsizei width, GLsizei height, GLfioat xorig, 
GLfloat yorig, GLfioat xmove, GLfioat ymove, const GLubyte 
* bitmap); 


ij&ei 


SjjV’ 


^ yLSJl ) yk&Jl Jl ^LL'jlj ysy -.width, height 


. ( p/xe/ V 


5j jljil ya s.jJl ytL . 4.^2.a:!l Sjj^aJS $._b ply ij^ : xorig, yorig 

. SjajLlI »4 -JjL-JI 4j jL»Jl 


Jl LfiUs! ^rt^i x,y jiax* ^^4 : xmove, ymove 




. ykidl Sjj^aJl jlyp ^04 : bitmap 


3. gIPointSize, gILineWidth 


Jsjl JsLaJi il*j| j!OIA a 


:yyty y.IA r U!l j£jui! 


void gIPointSize (GLfioat size); 
void gILineWidth (GLfioat width); 

4. gILineStipple, gIPolygonStipple, gIGetPolygonStipple 




. £-Ui2^ s-J^ 

aAi ^IxJl 

void gILineStipple (GLint factor, GLushort pattern); 
void gIPolygonStipple (const GLubyte *mask); 
void gIGetPolygonStipple (GLubyte *mask); 

. oixlyll S-J-^ jJT J-jt; 

. J,U-i *Jl! y ‘.mask 

S. glCullFace, gIPolygonMode 

. obJ^a^JU ^JaiM A ^LS " 01 yV! jlj-* 



GL A-uLoJI: 1 


r *r 


\jiyH I (*UJI J^Jl 

void glCullFace (GLenum mode); 

. A jJl jLl>-l 015”" lij l»3 

j GL _ FRONT j-^ ^j! ^'.mode 

.GL_BACK 

void gIPolygonMode (GLenum face, GLenum mode); 


Pixel Operations Xy1 Ja&Ji uUU& 


1. gIReadBuffer 


:^1 IJLA *bJ! 


void gIReadBuffer (GLenum mode); 

,’kJjPz Jl JsLftJl 0J-U 43jil S J^SJ> jlzii 

:<u_i . jjl! 43s^ii :mode 

GL_FRONT_LEFT, GL_FRONT_RIGHT, GL_BACK_LEFT / 

GL_BACK_RIGHT, GL_FRONT f GL_BACK, GL_LEFT, GL_RIGHT, 
GL AUXi. 


. GL_A UX_ B UFFERS -1 j 0 py, A~S 

2. gIReadPixels, glDrawPixels , glCopyPixels 

. “LJj ■/» ^ j 4j \jd~ j »f.\ jji} y> 1 j^l sjjfc 


: r l/V) «JLi ^UJl jSldJt 

void gIReadPixels (GLint x, GLint y, GLsizei width, GLsizei 
height, GLenum format, GLenum type, GLvoid *pixels); 
void glDrawPixels (GLsizei width, GLsizei height, GLenum format, 
GLenum type, const GLvoid * pixels); 

void glCopyPixels (GLint x, GLint y, GLsizei width, GLsizei height, 
GLenum type); 
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3. gIPixelStore, gIPixelTransfer, gIPixelMap, gIGetPixelMap 

jCU»*)U j) A«jj-^ 2Jl SJrUt* J jyLU AuS-S”" 

. dUi 


!4*iA *latil 

void g!PixelStore{if} (GLenum pname, TYPE param); 

. A^J J^LaiSl JsLcI /juu 

j»jj jjjj c-~* iiL&. aJ iljil -kw-jil :pname 

'. s(3 AjJ^ caULj 

GL_PACK_SWAP_BYTES, GL_PACK_LSB_FIRST, 
GL_PACK_ROW_LENGTH, GL_PACK_SKIP_PIXELS, 

GL_PACK_SKIP_R0WS, GL_PACK_ALIGNMENT. 

\ijT\jS\ ^y> <LjJ sLalil oULj ^jj ^lp yjj (_£ j>-\ ^3 C~v" iSUjfc 

GL_ UN PA CK_SWAP_BYTES, GL_UNPACK_LSB_FIRST / 

GL_ UN PA CK_RO W_LENGTH, GL_ UNPACK_SKIP_PIXELS f 
GL_ UN PA CK_ SKIP_ R 0 WS / GL_ UN PA CK_ALIGNMENT. 

. pname d ui*ll jU uym : pa ram 
void glPixelTransfer{if} (GLenum pname, TYPE param); 

. aJ oi\ JJL" J?UI (jyu 


: <u-i . aJ a^j aJ isUJl JJij i 2 -^j jiJl4 '.pname 

GL_MAP_COLOR, GL_MAP_STENCIL, GL_INDEX_SH1FT, 
GL_INDEX_OFFSET, GL_RED_SCALE, GL_RED_BIAS, 
GL_GREEN_SCALE, GL_GREEN_BIAS, GL_BLUE_SCALE, 

GL_BLUE_BIAS, GL_ALPHA_SCALE, GL_ALPHA_BIAS, 
GL_DEPTH_SCALE, GL_DEPTH_BIAS. 

. pname d ui*i' a^j ^ : pa ram 

void glPixelMap{f usui}v (GLenum map, GLint mapsize, const 
TYPE *values); 

. AjJ j ^ JsLaili ^JJL! aJsj j >- 

: jUi-1 IAA aUj^- 1 . JJLl! aJzijj>- *s£:map 

GL_PIXEL_MAP_I_ TO_I, GL_PIXEL_MAP_S_TO_S, 
GL_PIXEL_MAP_I_TO_R, GL_PIXEL_MAP_I_TO_G, 
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GL_PIXEL_MAP_I_TO_B, GL_P1XEL_MAP_I_T0_A, 
GL_PIXEL_MAP_R_TO_R, GL_PIXEL_MAP_G_TO_G r 
GL_PIXEL_MAP_B_TO_B, GL_PIXEL_MAP_A_TO_A. 

. \Ju^> zjjxli 2 J 2 j iM; -.mapsize 

. mapsize jyu: values 

void glGetPixelMap{f usui}v (GLenum map, TYPE *values); 

. Ajyjsi 1 J?UJ| aJuj y>- 


: jil iJJ» 31 «j^M . lib Ip j aJ jOa.ll JsUlJi jjaj y- \map 

GL_PIXEL_MAP_I_TO_I, GL_PIXEL_MAP_S_TO_S, 
GL_PIXEL_MAP_I_ TO_R, GL_PIXEL_MAP_I_ T0_G, 
GL_PIXEL_MAP_I_TO_B, GL_PIXEL_MAP_I_TO_A, 
GL_PIXEL_MAP_R_TO_R, GL_PIXEL_MAP_G_ T0_G, 
GL_PIXEL_MAP_B_TO_B, GL_PIXEL_MAP_A_TO_A. 

. aj jyglt JsLiJi 5 J 2 J y- oIj ys^s., 31 j Jyu:values 

4. gIPixeIZoom 

. 3-jj«/? 11 J^ULilt jJt^T j! Iop 

:liA fUil 

void gIPixeIZoom (GLfloat xfactor, GLfloat yfactor); 


LuSijuy s\*£is 

I. gITexParameter, glTexEnv 

Fragment 3l»-^ ^ jJa; aJ^j jiyV* oil* 


j£iJl 


void glTexParameter{if}{v} (GLenum target, GLenum pname, TYPE 
param); 

void glTexEnv{if}{v} (GLenum target, GLenum pname, TYPE 
param); 

. 1 ■ X "^*31 AJLaJ _ r~LXj 


. GL_TEXTURE_ENV 0 of auJ . y~f j 3^ -.target 




OpenGL 


Y.'v 


oAXxiwji .jj 4 jlj ’.pname 

ajuJ n> 2JU- Jj aJSj 2^J ^Sx.j i GL_TEXTURE_ENV_MODE 

. GL_TEXTURE_ENV_COLOR : y p b^l 

GL_MODULATE, GL_DECAL, : aJB ^1 ^Jb-I ^ : param 

.GL BLEND 


2. gITexCoord 

. '^Sy*')}) Sj-A 

:^.Vi UbL r UJl 

void gITexCoord 1 {sifd} {v} (TYPE s); 

void glTexCoord2{sifd}{v} (TYPE s, TYPE t); 

void gITexCoord3 {sifd} {v} (TYPE s, TYPE t, TYPE r); 

void glTexCoord4{sifd}{v} (TYPE s, TYPE t, TYPE r, TYPE q); 

3. gITexGen 

. J-J ^7 4*La**j l*XA sJUau 

: ja ^\ IJlA fUJl jSliJl 

void glTexGen{ifd}{v} (GLenum coord, GLenum pname, TYPE 
param); 

. ‘ ■ ■ ^ I *• -J LaU 1 

. GL_S, GL_T, GL _ R, GL_Q ■ j '.coord 

o dM l ~> 1 - 1 ^^ t ji jL>*J .pname 

ZJL > f Lb^l j aJUI rs a3l f U^I j&l . GL_TEXTURE_GEN_MODE 

GL_ TEXTURE_GEN_MODE, GL_OBJECT_PLANE, : v 

. GL_ EYE_ PLANE 

GL_OBJECT_LINEAR, <uJ. <^1*4 -4y dw ‘.param 

. GL_EYE_LINEAR, GL_SPHERE_MAP 

4. gITexImage 

. JjtJl <LjLj jl J> 4tJlA 




GL 4 «D: i 


Y * V 


: j-V 11 j*i f l*JI JS-iB 

void gITexImagelD (GLenum target; GLint level, GLint components, 
GLsizei width, GLint border, GLenum format, GLenum type, const 
GLvoid *pixels); 

void glTexImage2D (GLenum target, GLint level, GLint components, 
GLsizei width, GLsizei height, GLint border, GLenum format, 

GLenum type, const GLvoid * pixels); 


5. gIGetTexEnv, gIGetTexGen, gIGetTexImage, 
giGetTexLevelParameter, gIGetTexParameter 

j»uji 

void glGetTexEnv{if}v (GLenum target, GLenum pname, TYPE 
*params); 

. GL_TEXTURE_ENV o Sc jl *juJ . <-~S j ■target 

o j jl j) ajlj j} :pname 

. GL__TEXTURE_ENV_COLOR j) GL__TEXTURE_ENV_MODE 

. h jikil oUtJi j^ju : pa ram 

void gIGetTexGen {ifd}v (GLenum coord, GLenum pname, TYPE 
* pa rams); 

, oLJ*IwL>-] oJ jj JsjL^ j .~l*j 

>GL_S, GL_T, GL_R, GL_Q cj • coord 

jSc ol . bblpi J.\ jyu :pname 

: jgisll jA\ jJy <j Jb-T jf GL_TEXTURE_GEN_MODE 

.GL OBJECT PLANE or GL EYE PLANE 


, 2 u j\)A\ oULJl Xju : pa ram 


void gIGetTexImage (GLenum target , GLint level, GLenum format, 
GLenum type, GLvoid * pixels); 




j 


jJ Sj 






OpenGL jU) JJj 


Y • A 


GL_TEXTURE_ 1D : yA\. Up J^Ul *1 J\ ^ -.target 


. , GL_ TEXTURE_2D 

i ~~i y***A g i s y ^X*. i 1 Li Qj ^ ./? 1 l L^il \ y&^ * ^ y ^**A .x^: .level 

• 4jj-aS( 

: UlUl . <bl*i! oULJJ JsLiill JSU -.format 

GL._R.ED, GL_GREEN, GL_BLUE, GL_ALPHA, GL_RGB, GL_RGBA, 
GL_LUMINANCE, GL_LUMINANCE_ALPHA. 

<u_i . S:>t*ii oULU! aJ yp> Jsin ^jj i : type 

GL_UNSIGNED_BYTE, GL_BYTE, GL_ UN SI GNED_SHOR T, 

GL_SHORT, GL_UNSIGNED_INT, GL_INT, GL_FLOAT. 

Lgp y 4£jjLy2»» (_^l 1 yjyA 0 01 ~U -G*J '/?/XS/S 


• type 

void g!GetTexLevelParameter{if}v (GLenum target, GLint level, 
GLenum pname, TYPE *params); 

. i~ pyU~A pA i p y JajLvuj yP Xiu 

GL_TEXTURE_1D : U*U yJi\. Up a! J.\ ^ll ^ -.target 

. ,GL_ TEXTURE_2D 


Lp y ****A Q p y *P. i ^JiLC • Pk? 1 \ Qjyyl} Lilli '.leVel 


, yy j 1 

: UsUi a*. J. ySy11 ,k~*j ^^4 '.pname 

GL_TEXTURE_ WIDTH, GL_TEXTURE_HEIGHT, 

GL_ TEXTURE_ COMPONENTS, GL_ TEXTURE_BORDER 

. 3j jJjail oULJi jl*j : pa ram 


void glGetTexParameter{if}v (GLenum target, GLenum pname, 
TYPE *pa rams); 


pytA '—~Cy UjUj yp Jy «j 




GL 4 -uL 4 fl: i JakJI 


Y.*» 


GL_TEXTURE_ 1D : p-SJl. Up p!>! -.target 

. ,GL_TEXTURE_2D 


: 5 Lkl <uJ . i_~k jA\ -k^.j :pname 

GL_TEXTURE_MAG_FILTER / GL_TEXTURE_MIN_FILTER, 

GL_TEXTURE_ WRAP_S r GL_ TEXTURE_ WRAP_ T, 

GL_ TEXTURE_ B ORDER_ COLOR. 

. L-k' J>\ kU j : para ms 


1. gIFog 


Fogukkai\ 


kjkj 


: jft\ uu {.uji j&ji 

void glFog{if}{v} (GLenum pname, TYPE pa ram); 

Frame Buffer jlla^U SjiljJI uLU* \z$*sia 

Operations 

1. gIScissor, glAlphaFunc, gIStenciiFunc, gIStencilOp, 
gIDepthFunc 

. fragment 5k- y ^j>di y\f)\ 

: y\jSl\ 4 k »UJl JiCdJi 

void gIScissor (GLint x, GLint y, GLsizei width, GLsizei height); 

• CjX ^J*i 


. (0,0) s^J . I gJ. 4 -LlJ! aj jL-JI aj jljjl :x, y 


. yiii\ Jjtj J ?obk '.width, height 
void (GLenum func, GLciampf ref); 
. (tiSl ) <LiLLiJl ^\j 

2 LkS^_JLj( ) iLki <uJ . aJLLIJI aJjLL> ^L" '.func 


: (GL_ALWAYS 

GL_NEVER, GL_LESS, GL_EQUAL, GL_LEQUAL, GL_GREATER, 
GL_NOTEQUAL, GL_GEQUAL, GL_ALWAYS . 




OpenGL Qa JJj 


X ^ * 


^yg. 4-oUiJ! UJi a»«*a 5 A-^gr- a-o-3 l/It^ •ref 

<Lo-jjaji . LaJV 4-LaJ^- A-<*-3 ^IpI LaJV aJ^qJ^- ^WaS 0 A-o-usJi ^JJl£ • [0/^-] 

. 0 V^' 

void glStencilFunc (GLenum func, GLint ref, GLuint mask); 

. ^Ag^eJlij \*>?j# A-«fc-3j (j^U 

: aJLj^I <uJ* . g\j 3 ^ \func 

GL_NEVER, GL_LESS, GL_EQUAL, GL_LEQUAL f GL_GREATER, 
GL^NOTEQUAL, GL__GEQUAL f GL_ALWAYS . 

JUrl { yo^> A*o-Jlit dijfc y£ .i^?r Li-1 ^ A**gr^ ^W*3 ^jr^j l ref 

. Ajijll l Jf IJJ! 3 oL n Jic . [0 f 2n - 1] 

a^jlSI AND J^Uil aJ-p j^Uj ^U5 3Jj£ :mask 

. 4 j^2g*tj2ii <LwLj^P JjLP 4-g>rL^-l 

void gIStencilOp (GLenum fail, GLenum pass, GLenum zpass); 

^^*=3 JUi) 

I AaSwU ^1. ^ag*s3 Juj-3 ~LP jJl JjlaJI (j\*j I fall 

GL_KEEP, GL_ZERO f GL_REPLACE / GL__INCR, GL_DECR / GL_INVERT. 
JA3 £* ^L4 J^P c-^rijji 'U?H •zfail 

GL_KEEP, GL_ZERO, GL_REPLACE / GL^INCR, GL^DECR, and 
GL_INVERT. 

p-JLii ( j^>s3 j wUP Cfr*i izpass 

: ajlSLJ.1 


GL^KEEP, GL_ZERO / GL_REPLACE / GL_INCR, GL__DECR f GL__INVERT. 
void gIDepthFunc (GLenum func); 

. JJ-gJtlS AlSjll 0 ^IJlSI AJjUlL A^wUiJl ij)JU 

GL _ LESS A-kV?l^3^ a^jaJI ^ aJ^j^I ^aJI . aJjLa^ 3 \func 

GL__NEVER, GL__LESS, GL_EQUAL / GL_LEQUAL, GL_GREATER / 
GL^NOTEQUAL, GL_G EQUAL, GL__ALWAYS, 



GL i JaUI 




2. gIBIendFunc, glLogicOp 

. frame buffer il^yj fragment ^y ^jl 01y S/l Oil* 

jyVl r*L*Jl jSLiJl 

void gIBIendFunc (GLenum sfactor, GLenum dfactor); 
void glLogicOp (GLenum opcode); 

. 0^ CY Ayj^L^ 4-JJ^ljSJ <Lji-*a^P .iA^; 

I <uSL«J.I j*_JLSl . 4 .aJ g;ll AjjIojJ! Jj-b»dj IxjIj (jyt> ’.opcode 

GL_CLEAR, GL_SET / GL_COPY / GL_COPY_INVERTED, GL_NOOP f 
GL_INVERT, GL_AND, GL_NAND, GL_OR, GL_NOR, GL_XOR, 
GL_EQUIV / GL_AND_REVERSE, GL_AND_INVERTED, 

GL_OR_REVERSE, GL_OR_INVERTED. 

3. glClear 

. jl ®A^-i j 43 ® jSVi y VI IAA 

:y Vi liA j£juii 


void glClear (GLbitfield mask); 


4. glClearAccum, glClearColor, glClearDepth glClearIndex / 
glClearStencil 


■\j jyjtll j i )jUl j*y sjwcJ yljVI ®A_* ^ 


;yljVI ®aA j»L*Ji 

void glClearAccum (GLfloat red, GLfloat green, GLfloat blue, GLfloat 
alpha); 

void glClearColor (GLclampf red, GLclampf green, GLclampf blue, 
GLclampf alpha); 

void glClearDepth (GLclampd depth); 
void glClearlndex (GLfloat c); 
void glClearStencil (GLint s); 



OpenGL JJj 


5. gIDrawBuffer, gllndexMask, glColorMask, gIDepthMask, 
glStencilMask 

. oLkP Jjsrl AjSjll jS'ljSJl J-stas) _/*lj*ifl eJlfc 

sAi »i*Ji 

void gIDrawBuffer (GLenum mode); 


• W! 


3 jajil 9 ^S'lJJl f- jj ^Jl 4 


i 4 JlSC o . 1 i ,+« gj i.. l^ji ^ii 


AXi 1* Aj J JiO 




i^:mode 


GL_NONE, GL_FRONT_LEFT, GL_FRONT_RIGHT, GL_BACK_LEFT, 
GL_BACK_RIGHT, GL__FRONT, GL_BACK, GL_LEFT, GL_RIGHT, 
GL_FRONT_AND_BACK, GL_AUXi. 

. GL_AUX_BUFFERS -1 j 0 <jy. / ^ 

void gllndexMask (GLuint mask); 

. 0 jAJl aJ AXSjJkl ^ 5 'ljiJl aJjIJO-* CaUIa*- 4jIoS^ 4-jLo^J 

A3jil /IjJJI a 1 ao~« oUU^ AiUS” JJajJ jt •mask 

void glColorMask (GLboolean red, GLboolean green, GLboolean blue, 
GLboolean alpha); 

• ®_ /? S'lS (_li “S^oUjSlil AjIxS”" j) jJjtAj 

ojUl AjbS' jSo: ^ jt ^^SCc. SIS' lit UJ j>o 4 :red, green, blue, alpha 

A^vslAo-Jiii . AxSjll 9 jS'liJl ^1 ASLLiJlj (jjj'Vlj I 

stijll S/lUl Jl ajIx&I aJISC .1 ^ 3JV-U1 GL__TRUE oli^SCll 
void gIDepthMask (GLboolean flag); 

. AXijil 9(J,| AjlxSCl jJJsjti jl ^JjcAj 

jup flag=0 oils" lit . 3i*jio sxSjil 5jS'liJl oils' ISI L-i :flag 

lS J^l LX ^J-*Sjoj AjSjil 9 /"IJUI ^1p ajIjSIJI !»«•:.o i^JJi 


jlJo'yi Ajai? all 


yo/d glStencilMask (GLuint mask); 


ALaJXo»V^ t—Aj Ix^AJ 




GL I JjaU) 


nr 


olil^- 4 jUS^ J^IsljJ jl J-juiiS 5 jL>- ^Li ^JL^- '.mask 


6. glAccum 


. u/l j]\ 4iijil 5^UJl ^^Lp J^jJJ y>^l Uu* 


:^.Vl LU r Uil JSCxJl 


void glAccum (GLenum op f GLfloat value); 

. juTi jd\ <3jil ijT\l!i\ ^1p 


: 4-^wJ,! ^Jl 42>jil 5^UJl 4J-*_p ^wUi :op 

GL_ACCUM f GL_LOAD f GL^ADD, GL_MULT, GL__RETURN. 

. y]! Aiijil o^TlJU! ^L^p j ^jLp aIv^U :value 

£ valuators u UxoJ I te$AX» 

1. glMapl, glMap2 

. jt -b»-lj ~l*-j oLo-yt^ i_aj 01 j^*Vl 010 a 

jjjOA ^L*Jl JSs-iJl 

ko/'c/ glMapl{fd} (GLenum target, TYPE ul, TYPE u2, GLint stride, 
GLint order, const TYPE * points); 

,, 0 

. JjtJl La—JS- 4 j)o 


r^SUll ,*~aJ! . pJLi.1 4*— Ijj iaijil jt-Oil ^y '.target 

GL_MAPl_VERTEX_3, GL_MAP1_VERTEX_4, GL_MAP1_INDEX, 
GL_MAPl_COLOR_4, GL_MAPl_NORMAL, 

GL_MAP1_TEXTURE_COORD_ 1, GL_MAP1_TEXTURE_COORD_2, 
GL_MAPl_TEXTURE_COORD_3, GL_MAPl_TEXTURE_COORD_4. 

. u —I uy^j :ul, u2 


A^AJu 4j1Jjj 4jl_b fj\j As>rjij ll JI oliliM ‘.Stride 

. points —> l$Jl jLodl o>UlJl 4^ (jy-\ 

. JLa *.y a^j o j£> 01 y£-, . y>y*0l -WUj zjj- $j>Jz '.order 
. J^LSj A3 J a a/? a (j,j I yy -.points 




OpenGL <Jjb 


YU 


void glMap2{fd} (GLenum target, TYPE ul, TYPE u2, GLint ustride, 
GLint uorder, TYPE vl, TYPE v2, GLint vstride, GLint vorder, const 
TYPE * points); 


A*Ji ^jLj 


i_ 


aoJjil ^y '.target 

GL_MAP1_VERTEX_3, GL_MAP1_VERTEX_4, GL_MAP1_INDEX, 
GL_MAPl_COLOR_4, GL_MAPl_NORMAL, 

GL_MAP1_TEXTURE_COORD_l, GL_MAP1_TEXTURE_COORD_2, 
GL_MAP1_TEXTURE_COORD_3, GL_MAP1_TEXTURE_COORD_4. 

. u —S Us^- L-ks ’.ul, u2 


a^Ajj Rij aj!a> jy, Aj-jijil jf s^jUJl oUli-t iJLp ,aA^ :ustride 

. u,v J?Uj (j,l ot i,j jl ii~>- ; R (i+1) j iS ‘4sX> 

ojt . u i»Ui a3jjL^> :>a 4 '.uorder 

. y_S : yj, \/2 

Ajijjj /?/j Ajljj Oh ji aajIjJI oUlii-l '.vstride 

. u,v Jsin Ji olj-ijx i,j d\ o~x>- i R (i+1) j <j y-1 <SJ- 
3L«^sil j jSj j! . v/ jij Jslij .saja worder 


Ay>r y> 


J^LSi 43yU0J> ^j, I yy i04 '.points 


2. glMapGndl, glMapGrid2, glEvalMeshl, glEvalMesh2, 
glEvalPointl, glEvalPoint2 

. Iff iCY ^ aA<ft 

'.jA^i\ siA ^Ull 

void glMapGridl{fd} (GLint un, TYPE ul, TYPE u2); 

£ t ? ? 

. juJ' cpta-i mesh lx>Li^ L^aia \ a _>yo 



Y > o 


GL I 


4 **-ja AioJ> . [ul, u2] aSLaJI Jb 4 : un 


i—0 Cjy. <*-*& 


Jl aSwUI JU; *-i J^-l ,y> U-Jajj :ul, u2 


i-un 

void g/MapGrid2{fd} (GLint un f TYPE ul, TYPE u2 f GLint vn, TYPE 
vl f TYPE v2); 

, L<j mesh Ljfcw® Lt^w\jLA i 

. 4^ y> AloJs . [Ul, U2] a5wU| Jl4 «5*-lP ^Jl4 ! Uf1 

■? 

j i—0 ^ru A^-y^xl) as*^j>z^ 2 JI ASdj*Jl Jl^r J^-l Cf* *• u 1, u2 


. 7 = 17/7 


. 4^- a^J . [vl f v2] aSL^JI JU; : vn 

j j—0 (j^J ! aSwiJI i jJ> Yj c^kij 2 >JJz \vl, v2 


. i=vn 


void giEvalMeshl (GLenum mode, GLint il, GLint i2); 

. J? JajLl *1 d?ULdJ 4 oL>-VI aSwxJI ^Iju! 


GL_POINT, <uJ . J*jJ^UJ r i J?Udj aiLiJl ^UjT 


, U \mode 


. GL LINE 


. / aSU-^JI JL 4 Jjp^jd JI 4 Jji \il, i2 

void glEvalMesh2(GLenum mode, Glint il,GLint 12, GLint jl, GLint j2); 

. U?jl J?ULJJ AjUiJl aSUjUI ^Uu! 


As *.J . oL>cU2?.il pi J? J 2 ^ 5 -^ pi J?ULLi A^UdJl ^Ujl 


U \mode 


.GL_POINT, GL^LINE, GL__FILL 
. / aSU-jUI <J^ cJ aj>s_p*s-v^ U^ j->" 1 j (J •il, 12 

. j A^U-vU I U L4 U J^d A^t-c^c-*,tf j^—<3 U L^ b Jj' : J1J2 

void glEvalPointl (GLint i); 

. mssh (3 aJsjsJ *-s>j ^ji 




OpenGL 


. / /_j L^- (J ^?»cJcL 4j>e!/ 

void glEvalPoint2 (GLint i f GLintj); 

. mesh j <3 ^-^>j ~xSjj 

. / xSLaJI Jb£ J j^d :/ 

. j sSLjJi J\j£ J4^J :j 

3. glEvaiCoordl, gIEvalCoord2 

oLjt-X^| *X*Jl 4 -JLj jl JjlJI Aj^L?-! JsjI^>- Oljldjs> ^Jj>cJLc«j 


void g\Eva\Coordl{fd}{v} (TYPE u); 


JjdA 


A*Jl <LpL>-l J^jI j >- ( J^aj j*-JL 


j^lj*V ^Lx3l 4 ^caJI dJj* ^JlSC^J. u oUjIu^-I 0jSCj :u 

. aiLJl glMapl , g I Map 2 

void glEvalCoord2 {fd} {v} (TYPE u f TYPE v); 

. JjtJi AjLj Jkzj\y>~ ^yx-& jv-ji 

j^ljV ^Ull Aa-jaSI adj* JSs-jJ. u oLj(a^-] l)J <a-J ;(7 

. aiLJl glMapl , glMap2 

y*)} A-o^jdl oJj^ JjkJJ. V oLjIj^I *v 

. j^LJl g/Map2 

4* gIGetMap 

:y^\ lid fUJl JSCoJ) 

void glGetMap{idf}v (GLenurn target GLenum query , TYPE *v); 

. dsjLuMj 

: aLj^I aJsj^ ^wl ;target 



Y W 


GL SjjLJ: I Jalafl 


GL__MAP1_C0L0R_4, GL_MAP1_INDEX, GL_MAP1_N0RMAL, 
GL_MAP1_TEXTURE_C00RD_1, GL_MAP1_TEXTURE_C00RD_2, 
GL_MAP1_TEXTURE_C00RD_3, GL_MAP1_TEXTURE_C00RD_4 / 
GL_MAP1_VERTEX_3, GL_MAP1_VERTEX_4, GL_MAP2_C0L0R_4 , 
GL_MAP2_INDEX, GL_MAP2_N0RMAL, 

GL_MAP2_TEXTURE_COORD_ 1, GL_MAP2_TEXTURE_C00RD_2 f 
GL_MAP2_TEXTURE_C00RD_3 / GL_MAP2_TEXTURE_C00RD_4 / 
GL_MAP2_VERTEX_3, GL_MAP2_VERTEX_4. 

: J 2 ^jJi '.query 

GL_COEFF / GL_ORDER, and GL_DOMAIN 

. Ajjjjaii oUbJl 'V 


Selection and Feedback 

1 , gIRenderMode, gISelectBuffer, glFeedbackBuffer 

. <UL$1jli S>/\j ]\J ■ kc jA 1 


\ ja\ >L*J! 

GLint gIRenderMode (GLenum mode); 

. rasterization Jai 

j ^ 4^jaJS ^ C?/__ RENDER *. ajlSCoAI '.mode 

. GL_FEEDBACK j GL_SELECT 
void gISelectBuffer (GLsizei size , GLuint * buffer); 

. JaJC dJUwbr- ®(JLo 


. S:s/ze 


. oULJl juxj :buffer 


void glFeedbackBuffer (GLsizei size, GLenum type, GLfioat * buffer); 


. AjwUliII 


. AiSjii SjTlJJI J ^ :s/ze 

; <uS'LaJj js"", 1 l?t) cl*■_-blj j ‘.type 

GL_2D, GL_3D, GL_3D_C0L0R, 

GL_3D_C0L0R_ TEXTURE , GL_4D_C0L0R_ TEXTURE. 



Y > A 


OpenGL ^J) 


. oIjLj Jl+xd :buffer 


2, gIPassThrough 


. <L^SC*J ! ajJlAij! JsloJ token ju jjJ Ijla 

:^.Vl liA fLJ! JSAi! 

void gIPassThrough (GLfloat token); 

. <L-— A*J! 4j-UtdJ i ^lijl J5 Jjs-ti—« « 


.A*Jl 4 j-UxU 433 til 4 i'lJJl j 




aaJ 3^4 :token 


3. gllnitNames, gILoadName > gIPushName, gIPopName 


4-LA <»l*J! iSAJl 


void gllnitNames (void); 

AS L«—-Li ^2jk Wk'^yi 


AS L^-W^wU ^2jk -^—W-^S ^A-“tJL—J ^ J 

.( Aj ji JAjaj Sij j^3 jb j±>*s I 

void gILoadName (GLuint name); 

. i _r-^~ a A Lc“l 

. j^Vl ^aSC. A^i J A^iJi oiA» Ja»w- c^JJ! -.name 

void giPushName (GLuint name); 

. (J) LH £3-1) 

. ^aA* J) 4*33 3! J .I :name 

void gIPopName (void); 

. 4 -s -3 Lc**! 1 *^*~ - 

Display Lists jjIjJ 

1. glNew List > g I End List, gIDeleteLists 

. Lg3-b>- J jb^i^*^ jJ 4 -bioV 4 -U J 

: -oi »*yi 4 -LA >l*Jl iSCaJl 




GL *jSL»31: 1 


m 


void g I New List (GLuint list, GLenum mode); 
void glEndList (void); 

void gIDeleteLists (GLuint list, GLsizei range); 


2. glCallList, glCallLists 

’.fji 


void glCallList (GLuint list); 

void glCallLists (GLsizei n, GLenum type, const GLvoid * lists); 




. L&wLosj.- ^1.1 ^ ^:n 


: aL^I j jvjiSi ^jj '.type 

GL_BYTE, GL_UNSIGNED_BYTE, GL_SHORT, 

GL_ UN SI GNED_ SHOR T, GL_INT, GL_UNS1GNED_INT, GL_FLOAT, 

GL_2_BYTES, GL_3_BYTES, and GL_4_BYTES. 

£ # 

. AsxJ') s-lc"^ oU-ljl y 2ijjL^» •lists 


3. gIGenLists, gllsList, gIListBase 

o.xA -*Ui! 

GLuint gIGenLists (GLsizei range); 

GLboolean gllsList (GLuint list); 

. jlgJs) AsxZ'i 2y>r J 

. Ui jst j y> JtS^bJS it J.) a>JV ’.list 

void gIListBase (GLuint base); 

. glCallLists y>I\ ^ 4>^ cn*i 

^Ir't jJ y] glCallLists oU-lji Ji -j'czc a^Ij} uj :£>ase 


0 
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Modes and Execution luulllj laUjVl 

1. gIEnable, glDisable, gllsEnabled 

. JaJT j jP j s-l*Jl j Js’Lc'^l j^ljVI #JL& 

: r i/VI iii (*Uil jSloJl 

void glEnable (GLenum cap); 
void g/Disable (GLenum cap); 

GLboolean gllsEnabled (GLenum cap); 

. V ^1 ^j**J*J f til Lo-ji ( j^>sJLi 


. OpenGL Ji • Cdp 


2. gIFinish 

. JplS" OpenGL y> t j\ jlAj jUaxiV \X& 

:y.S't liA (*Uit JSCiJl 

void gIFinish (void); 

3. g/Flush 

. t*aJl OpenGL j *\jl xJcj j j^Vt 1*1* *j>ti**o 


:UA »Uil jSLiJl 

void gIFlush (void); 

. ib-bi a*^*j « js JOU- JLidl ^ip OpenGL yh'' j^= 

4. glHint 

j jj * ,ig 11 AP J~* ^ ^ip **“" 1*1* 


. OpenGL 
:^.Vl IAA fUil JS^oJl 

vo/d glHint (GLenum target GLenum mode); 

State Queries~ti\zl\ uU^uwi Aa^axa 

1. gIGetError, glGetString 

JUaO *Aj*X>&xJ j! L» Ij^P- ^p cpL* ^1*«* ^1 p cJ^ ■ 11 01 01*1* ^.»APc)**«wj 


. JU-t OpenGL 

\jiySl I ^.-U fUJl J^JI 



GL 4 I 


YX'i 


GLenum gIGetError (void); 

const GLubyte * gIGetString (GLenum name); 

. JU-1 OpenGL jU^l A-j^ 2j wLjU 

: 4jCjJ ^jJ) . cujIj '.name 

GL_VENDOR f GL_RENDERER, GL_VERSION , GL^EXTENSIONS , 

2, gIGetBooleanv, gIGetDouhlev, gIGetFloatv, glGetlntegerv 

. 4 JUM oVaA-k ^A^*sA^J 

aAis 

void gIGetBooleanv (GLenum pname, GLboolean *params); 

GL_TRUE j! GL__FALSE La . ^a^- <w*S a^ 


. ^Uj^I ^Ji}\ qa jj& Jl 4 J j . UbLpl ia^jJl \pname 

, ^a^I jJl a^J j^j : pa rams 

void glGetDoubiev (GLenum pname, GLdouble *params); 

GL FALSE L«} d^lxli 4-^Ajl . ^l^ALp aL^I i a^xj 

. 4-oJLp aL^U ^} J4j*e^>s-s^Jl -Map^I Lai ^Jajdi GL__TRUE 

void gIGetFloatv (GLenum pname , GLfloat *params); 
j! G/_ FALSE W a^L*il . ^a^ )?***<LoALp aL^?U a<>-J a^*j 

. 4^jIp sJL^Li J,1 J^Iap^! Ul AjJgill Jprl ^ GL_TRUE 
void glGetlntegerv (GLenum pname , GLint *params); 

GL _ TRUE GL _ FALSE LA a^ u l)! . ^a^ ji <Lo~jS A-^j 


. jJl ^Jj} jjAJ3 A^jLjJI ALyS’LiJt ^IApI LA t J*?rl jr* 

3. gIPushAttrib f glPopAttrib 

, aJIJ- 1 AP^L>r- J ■ jg tf 4- jijlAjk ^AjScA^o 

1 (jj^LJi 


void gIPushAttrib (GLbitfieid mask); 
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aJUM oV jwu mdSk 4J?^i 

. oLi-v^ijil j 0jS*2* 

: aLj^I t_^-ljJl oLL^Iji! Jl j^io IpLS iJL4 '.mask 

GL_ACCUM_BUFFER_BIT , GL_COLOR_BUFFER_BIT 
,GL_CURRENT_BIT, GL_DEPTH_BUFFER_BIT, GL_ENABLE_BIT, 
GL_EVAL_BIT, GL_FOG_BIT, GL_HINT_BIT f GL_LIGHTING_BIT, 
GL_LINE_BIT f GL_LIST_BIT f GL_PIXEL_MODE_BIT f GL_POINT_BIT f 
GL_POLYGON_BIT f GL_POLYGON_STIPPLE_BIT / GL_SCISSOR_BIT / 
GL_STENCIL_BUFFER_BIT / GL_TEXTURE_BIT / GL_TRANSFORM_BIT, 
GL_ VIEWPORT_BIT. 
void gIPopAttrib (void); 

. gIPushAttrib J jij ^y>A\ aJU-I oV^ 










OpenGL 


Y Y £ 


Texture Images ±u£ i jti \ jya 4 &$aza 


1. gluScalelmage 




1 yi\ JLill 

int gluScalelmage (GLenum format, GLint widthin, GLint 
heightin ,GLenum typein, const void *datain, GLint widthout, GLint 
heightout, GLenum typeout, void *dataout y ); 


: jji ljJ> a^Llt pJi}\. aJ j^o}\ J9L2JI oUL jSLi ua : format 

GL_COLOR_INDEX, GL_STENCIL_INDEX, GL_DEPTH_COMPONENT, 
GL_RED, GL_GREEN f GL_BLUE r GL_ALPHA, GL_RGB, GL_RGBA, 
GL_LUMINANCE / GL_LUMINANCE_ALPHA. 

^X\ jX *ail j jfly y\ jljj& *ja \widthin, heightin 


:“uJ . datain jJl y oUtJ! *ja \typein 

GL_UNSIGNED_BYTE, GL_BYTE, GL_BITMAP, 

GL_UNSIGNED_SHORT f GL_SHORT f GL_UNSIGNED_INT f GL_INT f 
GL FLOAT. 


. j-ual) a jj^oM Jl 1 yy : datain 


. a^U ;Jj yy d\h~* OUa ija -.widthout, heightout 

:^uJ .dataout jJi oULJl *ja -.typeout 

GL_UNSIGNED_BYTE, GL_BYTE, GL__BITMAP, 

GL_ UNSIGNED_SHOR T, GL_SHORT f GL_ UN SI G NED_ INT, GL_1NT, 
GL_FLOAT. 

. J>ai! a jjhsJi Jl \yy : dataout 

2. gluBuildl DMipmaps, gluBuild2DMipmaps 

.ijj+a .Jl eijfc jUjI y jisjJ 1 yak) $jyP y __ df J> AJ yi j!jl-XA 

int gluBuildl DMipmaps (GLenum target, GLint components, GLint 
width, GLenum format, GLenum type, void *dataj; 
int gluBuild2DMipmaps (GLenum target, GLint components, GLint 
width, GLint height, GLenum format, GLenum type, void *data > ); 



yVi J*-t j* GL_TEXTURE_ 1D <uJ . ^ai! ^ j£\ ^ -.target 

yS'i J*.T JA GL_TEXTURE_2D j gluBuildlDMipmaps 

. gluBuild2DMipmaps 

. 1,2,3,4 j$\ J aJjI!! oliaa^ aa^ '.components 

. y - j ^ jF* .width 

:a^j . J?UJi oULj JSCa aa ^4 '.format 

GL_COLOR_INDEX, GL_RED, GL_GREEN, GL_BLUE, GL_ALPHA, 
GL_RGB, GL_RGBA, GL_LUMINANCE, GL_LUMINANCE_ALPHA 

: <uJj . data jsJl oUL> ,y aaUlJl ^ y aa^a '.type 

GL_ UN SI GNED_ BYTE, GL_BYTE, GL_BITMAP, 

GL_ UN SI GNED_SHOR T, GL_SHORT, GL_ UNSIGNED_INT, 
GL_INT,GL__FLOAT. 

& 

. a jf\ aJl J ajj-^Ji oULj J,} I yy aaai : data 

Coordinate Transformation uLutJ^VI 

1. gluOrtho2D, gluPerspective, gluPickMatrix gluLookAt 

y>j*h\ Projection Jj y oUyijVt a*U ^a^~; 

. Viewing 

aiA fUJl j£jJl 

void gluOrtho2D (GLdouble left, GLdouble right, GLdouble 
bottom, GLdouble top); 

._uJl yL; -L»bcU JaliLu! ,JjA4 ji.fi a 

. j a J ^ ^ Ij t^^Lula^*^ aa^; . left, right 

. aJjLJ!j ajjLJi ^JaUi oloL?ia>-t aa^ : bottom, top 

void gluPerspective (GLdouble fovy, GLdouble aspect, GLdouble 
zNear, GLdouble zFar); 


. (_£ jjfi 2 .\ 5 i jA.fi a |jj*j 
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. y jj^i dl4l j oU- hjj\ aj jlj : fovy 

, x ^ ajJjJi J^ 5 *" i aspect 

.(^UjjVI) / Ji ( J* j*j>) x s 

i# 

. ^ lab 4-wt ^a ^ll c£ y*^*A ^l?Liil yy y* asll! s^^.zNear 

. ^ LoJb yz*r ja a^*aJI ^ -Lj*^Jl ^ jg j s ll yy*.~ A J,l ^l^Uji yy yA a$l**ll x-L^ \zPar 

void gluPickMatrix (GLdouble x, GLdoubie y, GLdouble width, 
GLdouble height, GLint viewport[4]); 

. kUilJl Ajs^oJa 

■ olllJb-l y*^ kUixJV! SS)?;<a jS”” y> jbJ^4 \X, y 

. jlW^i olJlJb-} y*y> klixJ'yi a JiaiA ijjlj ^ y- jba^ -.width, height 

. JU-I viewport -kU .1 : viewport 

void gluLookAt (GLdouble eyex, GLdouble eyey, GLdouble eyez, 
GLdouble centerx, GLdouble centery, GLdouble centerz, GLdouble 
upx, GLdouble upy, GLdouble upz); 

. viewing y J- ^bJi il* 

. J^U\ ys- £3 ja JaJL- 1 sIa zjJ- \eyex, eyey, eyez 
jUIi akiJl ja JaS L-jJl 3 1* ijJ- :centerx, centery, centerz 

• L^i >JI 

. y yit «l4i JsjL- jji «!*> : upx, upy, upz 

2. gluProject, gluUnProject 

. aJjLxJl oL? 1 jl?-I ^1 oLjIU>-! jljll*> 

• U£0^\ (JSjII 

int gluProject (GLdouble objx, GLdouble objy, GLdouble objz, const 
GLdouble modelMatrix[16], const GLdouble projMatrix[16], const 
GLint viewport[4], GLdouble *winx, GLdouble *winy, GLdouble 
*winz); 

. abLbJ! j- x a ‘.*1' (J j^z. 


. T ^*i\ olli-b-i kiL- jJi ala ijJ- \objx, objy, objz 



. sJU-i modelMatrix ai y^ : modelMatrix 

. aJU-l projection :projMatrix 

. J,U-I viewport : viewport 

. 2 j i jllsVl oL*Ub-l JajL-jJl #Ji6 a-*; : winx, winy, winz 

int gluUnProject (GLdouble winx, GLdouble winy, GLdouble winz, 
const GLdouble modelMatrix[16], const GLdouble projMatrix[16], 
const GLint viewport[4], GLdouble *objx, GLdouble *objy, GLdouble 
*objz); 

. oU!i>| JajUjJl si* ijJ- \ winx, winy, winz 

. aJU-l modelMatrix & y^ : modelMatrix 

. aJU-1 projection 5iy*^ :projMatrix 

. JU-! viewport -.viewport 

. 4j t Jl oLj'Ij^i JsjL- jj! «Jus> jl«j \objx, objy, objz 

Polygon Tessellation u IxUai I (ttfjj XLuu 

1. gluNewTess, gluTessCallback, gluDeleteTess 

.AjtySjll SjIjV _yjVS 8jjk 

;j*yi 8j-i ^L*Jl 

GLUtrianguiatorObj*giuNewTess (void); 

vo/tf gluTessCallback(GLUtriangulatorObj*tobj,GLenum which, void 

(*fn)()); 

„ j : ^ ^J^r! /y« LjLL>- 

.( gluNewTess y]\ ak-l y *y^ll) ^: tobj 

: y«il yJi-i : which 

GLU_BEGIN, GLU_EDGE_FLAG, GLU_VERTEX, GLU_END, and 
GLU ERROR. 
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. il^IxSl iJu£ : fn 

void gluDeleteTess (GLUtriangulatorObj *tobj); 

. Ji.\ I 

.( gluNewTess *pA,\ ) »d p\ p\ : tobj 

2. gluBeginPolygon, gluEndPolygon, gluNextContour, 
gluTessVertex 

adi >L*Jl 

void gluBeginPolygon (GLUtriangulatorObj *tobj); 

.£_Ls22-Ll 4ji*Xj 

.( giuNewTess ) ^>p y ^I ^04 : tobj 

void gluEndPolygon (GLUtriangulatorObj *tobj); 

. p'g il j 4aLf£ 

( gluNewTess yV 1 ik**p ^04 : tobj 

void gluNextContour (GLUtriangulatorObj *tobj, GLenum type); 

j ,/t • P Ja^ 

.( gluNewTess _/>Vi ^Jud!) ^04 : tobj 


<u_i. u3yiii Ja-dl type 

GLU_EXTERIOR, GLU_INTERIOR, GLU_UNKNOWN, GLU_CCW, and 
GLU_CW. 

void gluTessVertex (GLUtriangulatorObj *tobj, GLdouble v[ 3 ], void 
*data); 

.^JUalt p P SjaJij 

.( gluNewTess j*i\ ^dl) p* y^X>s '■ tobj 

. 4 J 2 JJI y '.V 

. 4 Jg.fi.Uj ^aJjM IUjLp jj£*, ^ j**y* I ddtd 



,, 1 ^ y* 1 Lw*»w 1 ^ - i^*^ ^IjlLI !*-^A ^ *m 

gluBeginPolygon( tobj); 
gluTessVertex(tobj, vl, vl); 
gluTessVertex(tobj, v2, v2); 
gluTessVertex(tobj, v3, v3); 
gluTessVertex(tobj, v4, v4); 
gluNextContour(tobj, GLU_INTERIOR); 
gluTessVertex(tobj, v5, v5); 
gluTessVertex(tobj, v6, v6); 
gluTessVertex(tobj, v7, v7); 
gluEndPolygon(tobj); 

Quadric Objects t LuJ I 

1. gluNewQuadric, gluDeleteQuadric gluQuadricCallback 

.Quadric ^h*Jl 5jb^ yljVl «-u 

«JLi f U3l JSCiJl 

GLUquadricObj* gluNewQuadric (void); 

.Quadric I 

void gluDeleteQuadric (GLUquadricObj *state); 

.Quadric I 

fl ^dl j !JA Quadric ^04 :sfate 

.(gluNewQuadric 

void gluQuadricCallback (GLUquadricObj *qobj, GLenum which, void 
(*fn)0); 

. I* Quadric j^s- ^ LiU- j*i 

yiA\ I) A LS il^ jIpjjlw-I juyc Quadric ^04 : tobj 

.( gluNewQuadric jA\ y 

. GLU_ERROR Sju>- 4i*J . yd.! s.Lpoi^n/1 ^04 : which 
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2. ghiQuadricNormais, gluQuadricTexture, 
gluQuadricOrientation, gluQuadricDrawStyle 

.Quadric LJl j~*azi y\ si* 

aii ^bJl jjSs-iJl 

void gluQuadricNormals (GLUquadricObj *quadObject , GLenum 
normals); 

.Quadric IoLxpVI y\ 

.( giuNewQuadric y)}\ Ijj y^)QuadriCy^\ :quadObject 

: <uJ . (_pLpV' ^LlJi ^jj ^^4 :normals 

GLU_NONE, GLU_FLAT , GLU_SMOOTH 

void gluQuadricTexture (GLUquadricObj *quadObject / GLboolean 
textureCoords); 

.Quadric V ^ bjliT til L_i sjJi 

.( gluNewQuadricyi^ * J J~A\)Quadric :quadObject 

. V oLio^-i jJjj J,i Lip ^04 ‘.textureCoords 

void gluQuadricOrientation (GLUquadricObj *quadObject, GLenum 
orientation); 

.Quadric «b4Vl ^ 

.( giuNewQuadric ak-ijj yiCi.jQuadric :quadObject 

GLU_OUTSIDE and aU'yi -.orientation 


. GLU_INSIDE 

void gluQuadricDrawStyle (GLUquadricObj *quadObject, GLenum 
drawStyle); 

.Quadric j*—j y> y^ J\ JsJ 
.( giuNewQuadric y^l '4^\y ) ^b^*il ^ -.quadObject 

: . L^^p^ii 'j! Jai ‘.drawStyle 

GLU_FILL, GLU_LINE, GLU_SILHOUETTE, and GLU_POINT 
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Yn 

3. gluCylinder, gluDisk, gluPartialDisk, gluSphere 

.Quadric ^ bL-pl bib; a^jula ^Lp y \«-u 

4-Ui ^UJ! J^wJ) 

void gluCylinder (GLUquadricObj *qobj', GLdouble 

baseRadius,GLdouble topRadius, GLdouble height, GLint slices, GLint 

stacks); 

, Ajl J ^ ^ 

.( giuNewQuadric yH l sjsu*!^ ) Quadric .>-^4 :qobj 
. z=0 .up 5jt.>-^4 -.baseRadius 
. z=height -up aji jk-Vi ^ ^-^4 \topRadius 

. ^U;jl -.height 

■ z J y~ oLj-iJl iJLP J-L4 ’.slices 

z j ls^p U-* L »--—-axJ 1 ^up ^-^ 4 ; -.stacks 

void gluDisk (GLUquadricObj *qobj, GLdouble innerRadius, GLdouble 
outerRadius, GLint slices, GLint loops); 

■ \+£> y J- 

.( giuNewQuadric yV' y$A \) Quadric :qobj 

. y> Jiu JUtljJl Jzai\ -.innerRadius 
. ,y>^ jli-l ^LaJi <juy -.outerRadius 

■ z j JoU---»ii5i iJLP iji 4 -.slices 

.( A,w4s yti\ O ) 2 jjp|_ull oULU i-ip ‘.loops 

void gluPartialDisk (GLUquadricObj *qobj, GLdouble 
innerRadius,GLdouble outerRadius, GLint slices, GLint loops, 

GLdouble startAngle, GLdouble sweepAngle); 

■ Lr* u y |*-ji 

.( giuNewQuadric yS\ aJ) Quadric zsy \qobj 

. ys yHJ -.innerRadius 
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. j>r jli-i }sl Jl UwaJ :outerRadius 

. z Jj>- ijip ^^4 : slices 

.( ytll oU-~Jdii ) dUd.ui! oUU-l .s-U- :loops 

. A*“j jl J.\ ^yajii\ s-Jr oU-joJU \\jJ\ \>j\j :startAngle 

j \J.\ ^yi\ ^ oUjoJL aJij'yi kjlj ^^4 :sweepAngle 

void gluSphere (GLUquadricObj *qobj, GLdouble radius, GLint 
slices, GLint stacks); 

^y 

.( giuNewQuadric ySl\ k^\y_ ^Jul\) Quadric Jl ^ :qobj 

. s J*S\ Jai -.radius 

. ( (J-1? ^ 2 j iJ ^ap ^ -.slices 

. ( ^^*31 _ylji J5 Jlp -.stacks 

(NURBS Curves and NURBSxjfam^ ykawlf^M 

Surfaces) 

1, gluNewNurbsRenderer, gluDeleteNurbsRenderer, 
gluNurbsCallback 

.NURBS 

«aA »l*3l jSdiJl 

GLUnurbsObj* gluNewNurbsRenderer (void); 

. NURBS 

void gluDeleteNurbsRenderer (GLUnurbsObj *nobj); 

. NURBS (-J.L4 

. il ).\ NURBS ^^4 :nobj 

void gluNurbsCallback (GLUnurbsObj *nobj, GLenum which, void 

(*fn)()); 

. NURBS j «<g«»! UaLp 

. GLU_ERROR jJl <uu~i . Ji ytll s-Uoi^VI : which 




2. gluBeginCurve, gluEndCurve, gluNurbsCurve 

.NURBS jA 3 H\ 

JS^Jt 

vo/'d gluBeginCurve (GLUnurbsObj *nobj); 

• NURBS 

( gluNewNurbsRenderer y V' ^ «^^dl) NURBS :nobj 

void gluEndCurve (GLUnurbsObj *nobj); 

. NURBS ■5-^; 

( gluNewNurbsRenderer ySfl aja**!j* ^J.1) NURBS :nobj 

void gluNurbsCurve (GLUnurbsObj *nobj, GLint nknots, GLfloat 
*knot, GLint stride, GLfloat *ctlarray, GLint order, GLenum type); 

• NURBS 

( gluNewNurbsRenderer ySn ) NURBS _ r ^p ^>^4 :nobj 

.knot S^s-l jJi j JL5aJ! i-ip z^'.nknots 

.a_a*Ji AijA^ :knot 

. ^>Jkl j jUi. ^ -.stride 

olJiJb-} O' iw*£. isLSj Xs Jt iJj^:ctlarray 

,y s )\ liA type ijliOl 

. NURBS '-order 

gluBeginCurve uy. c ^>uil OlS' lil. ^ :type 
j' GL_MAP1_VERTEX_3 type X±J gluEndCurve j 

j gluBeginTrim OlS' !i! U iGL_MAPl_COLOR_4 
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jl GLU_MAP1_TRIM_2 type 0 gluEndTrim 


. GLU_MAP1_ TRIM_3 

3. gluBeginSurface, gluNurbsSurface 

• NURBS j.LOJ'y 01 010 a 

:j£jJi 

i/o/d gluBeginSurface (GLUnurbsObj *nobj);void gluEndSurface 
(GLUnurbsObj *nobj); 

■ NURBS 3j!aj 

( gluNewNurbsRenderer ySf! akwtjj ^iJ.1) NURBS _ r ^p :nobj 

void gluNurbsSurface (GLUnurbsObj *nobj, GLint uknot_count r 
GLfloat *uknot, GLint vknot_count, GLfloat *vknot, GLint u_stride, 
GLint v_stride, GLfloat *ctiarray, GLint sorder, GLint torder, GLenum 
type); 

. NURBS 

( gluNewNurbsRenderer y>^\ *k-<l jj ) NURBS _ r ^p :nobj 

. u j jop :sknot_count 


. sknot_count j* ^:sknot 

. v al4V! J sap \tknot_count 

. tknot_count ^ \tknot 

. u al4V! J -J»L& Oy \s_stride 

. v j Jsiij yu :t_stride 

. NURBS Jart ^ Jslii tjjji ziy^> :ctlarray 

.u al4^! jij NURBS jj :sorder 

.V jij NURBS j :torder 

oLi. type ^UJ ojSC" of ^Sj:. . NURBS :type 

. GL_MAP2_COLOR_4 / GL_MAP2_VERTEX_3 Jju o*Jl yu? a* 



4. gluBegin Trim, gluEndTrim, gluPwICurve 

,,*Ja£ Aajt: a _bCa-cj y>\ sj_» • J 

#«XA i»L*Jl ^jSsCLS! 

void gluBeginTrim (GLUnurbsObj *nobj); 

■ NURBS ^JaS a aU: a 4j|jj ,j.A4 

( gluNewNurbsRenderer y \fi 5j^.i jj ^di) NURBS y^ ^ :nobj 
void gluEndTrim (GLUnurbsObj *nobj); 

. NURBS ^Jai 2 s U: ^ AjLi aJ4 

( gluNewNurbsRenderer y^\ Ak^\j> ) NURBS y^ ^ \nobj 

void gluPwICurve (GLUnurbsObj *nobj, GLint count; GLfloat *array, 
GLint stride, GLenum type); 

■ NURBS ^4=^ ^ 4CP -5^4 

( gluNewNurbsRenderer ySfl ^dl) NURBS y^ ^^4 \nobj 

. lS Ip JaliJl ^04 ‘.count 
. JaUj oLjIjls-1 Asy^zj. ^^4 ‘.array 
. ^>wd! lS 1p JaUJl ^ ia-ijl iJ4:sfr/c/e 
jt GLU_MAP1_TRIM_2 l»| c~*J . ^ ^04 :type 

.GLU_ MA Pl_ TRIM_ 3 

5. gluLoadSamplingMatrices, gluNurbsProperty, 
gluGetNurbsProperty 

.NURBS y^Ls- j yg' i jvSCsxxU s-L* 

:^IjVl #iA r UJ! J$CdJ! 

void gluLoadSamplingMatrices (GLUnurbsObj *nobj, const GLfloat 
modelMatrix[16], const GLfloat projMatrix[16J, const GLint 
viewport[4]); 

. aUxiU Cali j a. / a. U j NURBS olCP JJ4 
( gluNewNurbsRenderer ySi\ j> ^cdi) NURBS y=^ au4 :nobj 
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. modelMatrix :modelMatrix 

. projection klb*V' ^ -.projMatrix 

. viewport ^ :viewport 

void gluNurbsProperty (GLUnurbsObj *nobj, GLenum property; 
GLfloat value); 

. NURBS 

( gluNewNurbsRenderer yV' ak-l) NURBS :nobj 

: k~-jil IdA 2 i«jkl i! J.\ s^Udi ^^4 '.property 

GLU_SAMPLING_TOLERANCE / GLU_DISPLAY_MODE, GL.U_CULL.ING, 
GLU_A UTO_LOAD_MA TRIX. 

. bJlk! JJLLJi aJukJ '.value 

void gluGetNurbsProperty (GLUnurbsObj *nobj, GLenum property, 
GLfloat *value); 

. NURBS yuas- yp 

( gluNewNurbsRenderer yVl akky jykt ) NURBS :nobj 

: akk! jtyJl . L^uJ Jl J^ ^Jl '.property 

GLU_CULLING, GLU_SAMPLING_ TOLERANCE, GLU_DISPLAY_MODE, 
GL U_A UT0_ L OAD_ MA TRIX. 

. 4JuL*ki 4s) ^ ^dt i '.Value 

Error Handling i5f I 

^jIp tkkl! 4..ss< ^ 1 p s.lk^'yi 5Jrdii Jy-j 

. OpenGL s-lk^ yit ykl 

:ySfl IJLA pistil jSdkl 

const GLubyte* gluErrorString (GLenum errorCode); 

4s£~» ji OpneGL s-k^-V ^jd' ykl bUipt 4ss*2J Ik 5 *" 4^d^* ky 

. GLU 

. GLU 4^j> jl OpneGL s-k^-V ^ jd' yk! -.errorCode 




GLUT <U£ll 


JLdj .OpenGL j+ta j>uSJl jlajl AuSUI siiA <J*ju 

4mSX\ (4&I jVl j ui .uUSsil JJ& J&uJ l^U QjLdlwl 

il^Udklaj UUM^ fifopouuj 
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Initialization 2u^I}I 

1. glutlnit 

^l)aj ^tlS J GLUT y^- 4 4i«^7,i ( ) AjLil I*1 a 

. M/VncfowS 
ILA f-UJl JSClJI 

void glutlnit(int *argcp,char **argv); 

y°-P> £-Layil jS- argc ^LjJl J(J,l j-Lj- 4 *Jy argcp Aa r *jJl 

ij*y i& 2 >argcp L^-Jj jLJui! ‘^a-uiSi . main ^jLil 

. GLUT y^il J-f y> j> yy* y c£l ^ y^y. glutlnit 
La c^Jl><J .main P-yy* J ^-*- 4 yy y (J y*z» yS- SjLp argv 

S- S. f- * s- 

y£\il yfi »j$ £A y°^3^ jjg-* 1 (£\ ^yksuyi GLUTo V jI-L a oLLj Lyl 

.GLUT 

2. glutInitWindowPosition,glutInitWindowSize 

.jLsV^ j j^aj- 4 01010 a 

:Ji yti\ fLJl J^LJl 

void glutInitWindowSize(int width,int height); 
void glutInitWindowPosition(int x,int y); 

.Pixel yyaJi AkaJL jU?Vl J?y : width 
,y_ysJl ajaiiSL jlL>V' ^Lojl : height 

.ya L a:'L jUs*yi ji x | X 

. 4-JAay A^-jS ! y 

3 . glutlnitDispiayMode 

JajC 4?.^J £jlxjl 1 -La 

void glutInitDisplayMode(unsigned int mode); 



GLUT AjjLJ): £ ,jal»S 


m 


mode jv-S 0 jSj jf jLz„ .OR j t Li :mode 

lUJUl JsJT ) 




.^yi y VI jLi-l yJ RGBA IjU^i 

GLUT_RGBA 

. GLUT_RGBA Li ^ 4^>l^ 3jb- 

GLUT_RGB 

. 0^Ul t'jf b >o»*> IjUpj ^ w ^y; 

GLUT_INDEX 


GLUT_S INGLE 

.4*?Jlj* 4S3js S/U ijlUl 

GL U T_DOUBLE 

.suriy 5^iju ijU^i 

GL UT_ACCUM 

.0j-U Aiijii S_^nJtU (aJUaJI ) UJl j j£s. Ijlbi 

GL UT_ALPHA 

. 43^a 0IjUpj 

GL UT_DEPTH 

. <uSj-« 4 -*jstL>- $^TlJu IjLUj 

GLUT_STENCIL 

^oLC | *-PbAj ijU©j 

GL UT__MULTI SAMPLE 

,^J ^*A^; 

GLUT_STEREO 

.<LJli :>Ju£ jjj .Jg .^:j ljil©j 

GL UT__L UMINANCE J 


uUp’Vl 4*)bw tejAZA 

1. glutMainLoop 

ijfi I-Ia ^PwlLwio .GLUT 3^X$Ow 4 jLL>- (J,j j-«VI l*AJk ( Jj> L .b 

.Ubs j j j 5\2« J^Lio j-»V! I.L& (^JUl #.1 yr^l jl j«JLi ,^»ljjJl (3 J 

:> «Vl lj*i r UH JL5B 

void glutMainLoop(void); 

jb'iCijtyte&XA 

oio\j\ib s ^\ j ! ^S‘ S ^\ (_^ Cj^ y OpenGL 




OpenGL (jl\ jaaD 


ri* 


1. glutCreateWindow 


int glutCreateWindow(char *name); 


. Ijlil 




AjL^J ^w 


2 . glutCreateSubWindow 


j ®i name 

* , 

■ ,Lp y IjLUl y»V! 11* 

:^*>U ^LxJl JSliJl 


int glutCreateSubWindow(int win/mt x,int y/mt width,int height); 

.(la ^j j>a 4 : win 

. Jl 5^Jlj ^p yl aJ x ! X 

.t-^Vl jll^l ^5 y* ^j, A^wlb ^Pyl jlU*>U aJ j-vlll A^.tf;Slj y ^lwb-^1 ^^4 ! y 

.zjj*#} 1 jH^l <j> j> : width 


.y>y2 Jl 4J2JJIJ ^Uj ji ^wi4 : height 

3 , glutSetWindow,glutGetWindow 

giutGetWindowyH\ cw d cJUt J^V* 0/utSetM//nG(oiv y*S/l 


.^lll J^ T 

:^l juA r Ul JS^J! 

void glutSetWindow(int win); 
int glutGetWindow(void); 


4. glutDestroyWindow 


. JU-I jlis^! £L*aJ jUs>l jb ju ^04 : win 

.i-lAl jlWVI ( bJJj4 ) 


uo/'c/ glutDestroyWindow(int win); 


fUJI jSLiJl 


.s jj*x il^i! Jhju pjj : w/'n 



GLUT 3 j 5 £»K: £ JaJUfl 


r n 


5 . glutPostRedisplay 

3JU“- (j j tAsrlJ-l ^ti-l jUs>V^ S'iLf'j £jb)l l-XA 

Ijjfc j-lpJJUxI <b ""j g lX" ^ ij i jV’baJl bJj 

:^Ut liA j»l*Jl j£bj! 

void glutPostRedisplay(void); 

6. glutSwapBuffers 

i ^rijui ^ ^ oJir iii jbM j^- ^ ijl* j^. 

.J^xjjl £jlj 4 jU (3 pjb lJL» ^JLU^j t^»TJijil JLSjil 

:y.N/l lii ^UJl J£jJ! 

void glutSwapBuffers(void); 

7. glutPositionWindow 

.(J,LA-I jlis'yi jA jjJbJ J- 4 ^! 1.1 a ^J>eX~0 
:IJLA fl*il JSCiJl 

void giutPosition Window(int x,int y); 

.kJj^s .Jl sUs-.iii jUs>*>U Jjjji-i X : x 

.4.Jj • y 

8. glutReshapeWindow 

.J.U-1 ^ 4 'b/i |Aa 

:^.Vl liA (UJl JSLiJl 

v'o/d glutReshapeWindow(int width,int height); 

.kJ j-^Jl ^JaiJb jlis!>U xujjirl jp : width 


. kjj !I a}s ii!lj ?' Lajj*yi ; height 

9. glutFullScreen 

,4^-LiJ! ^Lc jUs^fl \ik& 

:yvi liA (l*Jl JSCbJ! 


void glutFullScreen(void); 



OpenGL Jjli 




10. glutPop Windo w, glut Push Window 

01OI-Xa J .ajL; jSI ^13-1 jtl2*}U i j*oJ^xSl »._■' } j 01 01*3 jj*j 

.5-p yi\ j (5iJlp oljlL-VI 

r 1 * 31 

void glutPopWindow(void); 
void glutPushWindow(void); 

11. glutShowWindow,glutHideWindow,glutIconifyWindow 

jl^bNf Jj*yi £^lxJ! >-b»tJU»o C—*>- jUs^l sjl?- ®*^A 

oIjUs^AJ cJliii ^ll!i (ji>“ (3 IjL^^fl (3^^ ^1-^1 L*! 1 jl-^'j/l 

,<Lp jjlSl oIjUs^J jj-*j j ‘3 

: r ljS[! ®Jut fl*Jl L fjd>\ 

void giutShowWindow(void); 
void glutHideWindow(void); 
void glutIconifyWindow(void); 

12. giutSetWindo wTitle,glutSetIcon Title 

JIp Jl3-I jUs*>U jSLio j^jJl j jlSsVI o\j^& 01^ VI 01-Aa 

.3 

: jj_/*V' 

void giutSetWindowTitie(char *name); 
void giutSetIconTitie(char *name); 

^ ^i <) ji3i ^*-^1 ®jL*pi name 

>}U ^ 

13 . glutSetCursor 

. ^13-1 jl3^U djLaj! j£>y* djj^ j-*Vl 1*3 

IJlA ,»UJl JSCjuJl 


v'o/c/ giutSetCursor(int cursor); 




GLUT_CURSOR_CYCLE 
~ GLUT_CURSOR_SPRAY 

GLUT_CURSOR_WAIT 
GLUT_CURSOR_TEXT 
GLUT_CURSOR_CROS SHAIR 
GLUT_CURSOR_UP_DOWN 
GLUT_CURSOR__LEFT_RIGHT 
GLUT_CURSOR_TOP_SIDE 
GLUT_CURSOR_BOTTOM_SIDE 
GLUT_CURSOR_LEFT_SIDE 
GLUT_CURSOR_RIGHT_SIDE 
GLUT_CURSOR_TOP_LEFT_CORNE 
GLUT_CURS0R_T0P_RIGHT__C0RN1 
GLUT_CURSOR_BOTTOM_RIGHT_COR 
GLUT_CURSOR_BOTTOM_LEFT_CORT 
GLUT_CURSOR_FULL___CROS SHAII 
GLUT_CURSOR_NONE 
GLUT_CURSOR_INHERIT 


(^1^1 dj! 


14 GLUT 







OpenGL JJ-J 


Y££ 


int glutCreateMenu(void (*func)(int value)); 

f 3-up o-poi^I gJl a^iliU callback ,^1^1 ©lo-u^t : func 

.<uJULSl s+ff- 

j >,<?• p ^j^rt 4JLj*J*,i 4-«h-usJi 4)?..*>^ jj£ * value 

. <\-4jlJLil 

2. glutSetMenu,glutGetMenu 

j -*VI cw u^~ (3 a^JUJl ^*3 glutSetMenuj*)S ^-bsbi^o 

.aJU-l 3^‘UJt u*ij*j ^j glutGetMenu 

void glutSetMenu(int menu); 
int glutGetMenu(void); 

.aJU-l a^jliJl ^ai ^ J»jj 6 fjj : menu 

3. glutDestroyMenu 

.AajLsJI ©3a /j* ^3^1 -i-il^L p 13a j*) t V ^ .©^*£^1 *Loj\JLi! ^®*-b 

: jH\ 133 fUJ! j£jJl 

void glutDestroyMenu(int menu); 

.Ujyj; J .l £ fij : menu 

4. glutAddMenuEntry 

. aJU-I A^jULil ^JjL^wI l*£j«J«©r I J’ /,X 13a ' 

133 pUil JxjJI 

void glutAddMenuEntry(char *name,int value); 

a^JUSi ^ j$)oj U-i Jif ^aj ai^L, : name 

.Jl 13 a -b-^- ^ til £.Lp» 12 »*N/I ^17 bl»j <L»Jj ; value 

5 . glutAddSubMenu 

,a 3\33 <uJU5l ^Jj3* , I a-jP13a - a "^.? 

: r Vl 133 ^UJl JS^Jt 

void glutAddSubMenu(char *name,int menu); 




GLUT IuLaI): £ Jjalafl 


\ io 

LA^Aj*- ^jA pSj j <U>JliJl \~a> jy»j 3l**-Lx ; name 

.2Lp j£\ uJUJl 

.U j^s- up yiJl uJllii i^juju fij : menu 

6. glutRemoveMenuItem 

;liA (UJl JSCuJl 

void glutRemoveMenuItem(int entry); 

.( ur^* s - < ^'-^' I (*i^l) uiU-l s^JUJl ^Lp Ji ji-io ^^4* : entry 

7. glutAttachMer>u,glutDetachMenu 

. JU-i jLWJ aJU- 1 ujUJ! J»yu> Jl Sjti jj glutAttachMenu yV' 

. JU-i jUs^l ^ j^h SjU jj glutDetachMenu j^\ 

"(jij*l*Jl J^LiJ! 

void glutAttachMenu(int button); 
void glutDetachMenu(int button); 

ujUil jjJl !j_& Jajw» jllp .I^p aL^s jl uJli J,] aSU-i ilJ.I jjl : button 

• A*«-ji . Aj~Uuil 

GLUT_ LEFT_ B UTTON, GL UT_ MIDDLE_ BUTTON, 

GLUT_RIGHT_B LITTON. 

(jOlstii ilfidlttVl jAfrmJ 

,U->!-b-SU AtUu^VI Jjsr! AjiJji-l CaIs-IpJLL^VI b-XP GLUT UI^Lil j^P^J 
j»Lp j menu uJUJi j window jUs>Vl :uili-l oblp-u-oV) ^ gjjjt iiL* 

-Up jf a->_^p J^Lu jj*J -Up jUsVl j*ij SjIpI -Up jU?V* <-u>blp-U-ol >-biu-*J . global 

. glutCreateMenu Ak-Jj oyu jUsVI *Uuu*-l . aJ] JUol a^LI 

1 . glutDisplayFunc 

. JU-I ^li-l ^LbLl uyy 

:^SU (l*Jl j£kl 

void glutDisplayFunc(void (*func)(void)); 




OpenGL JaJj 


\n 


. tlpOi-V' £|Ij' : func 

2. glutReshapeFunc 

. JU-I uvs 

:^LU »UJI J^dJl 

void glutReshapeFunc(void (*func)(int width,int height)); 

jv— j <blp^ : func 

.aJj+oJ\ aJ^aJI juj3-I jp : width 


.aJj*p Ji 4ja.a.'Jlj jUs^i ^Uj J\ \ height 

3. glutKeyboardFunc 

^IdS! !d& .^l^-S jUa^! Jar! Cj* a>-<uaL jk\ dai^.lp-ddw'y 1 Cr^t 

.^t-Jliil 4 a -^jA Jjjl a}s-^\jj jUa^J ddl^Svd^ ASLd>! (3 

;^ldJ »lxJ! jSCjtJi 

void glutKeyboardFunc(void (*func)(unsigned char key,int x,int y)); 

4 a-jli OjjJri £jlj : func 

. ^jlii! a>-^ \jlLa -p Ujlp dJV! y*j !Key 

‘Xas' i^Ud ^ 4^-odJi d ^a *~a ^a 3} • ^?y 

. dd^l tifLii !a»-a 


4. glutMouseFunc 

dA L - d »- P (3 ^!d}! tdA ,3^^^ jUa^i J^l 9 ^!aJ! £.Lpdd-*>! 

.o^IaJ! j! jj\ d^4 j£- ji ia * «,a dip- ^jlia*y! ^ JLp* 

:^Vi liA fUil j£dJl 

void glutMouseFunc(void (*func)(int button,int state,int x,int y)); 

.sjlii! -bdar s.lpdd-1 : func 

:a^J J J*ii! jj! 31 : button 

GLUT_LEFT_BUTTON,GLUT_MIDDLE_BUTTON, 

GLUT RIGHT BUTTON. 



GLUT £ JplaJI 


Y £ V 


IAaJ ^ jj jj wLip ^LpAi^V^ ’, Stdt6 

GLUT_UP f GLUT_DOWN. 

. & j liJ I jj aJL>- wLlp jl^>U 4 ^ows^<jJ I dj Lj ) ^l,j jUj i X/ y 

5 , glutSpecialFunc 

.JbU jLL?*VI ^p\s>- ^^jLL« 4j>- 

;IJLA fUJl JSCUi 

i/o/d gIutSpecialFunc(void (*func)(int key/mt x/mt y)); 

. <L>- jj ^LpwXl^l I fUDC 

.Lill 4 ^>-^4 ^L>- ^pJjLvvo cl^jIj 5 jL*p! kay 
mf j &UU ^-buil !?*-> wLp (j SjUi! A-^cjJl oLol-b-VI /J,] : X 7 y 


i^lxil JjwUri <J 4^-4 y e y p-i 


(JjLLali ^ULJi 

Cjullsli <-aj£ 

FI jll ^ULall 

GLUT_KEY_F1 

F2 J cl2i*» 

GLUT_KEY_F2 

F3 J® c^ 1 

GLUT_KEY_F3 

F4 jJl ^ULali 

GLUT_KEY_F4 

F5 jH 

GLUT_KEY_F 5 

F6 ^ Aj 

GLUT_KEY_F6 

F7 jit ^UiJI 

GLUT_KEY_F7 

F8 ^ r* 114 aH 

GLUT_KEY_F 8 

F9 j\\ ^"uLft]) 

GLUT_KEY_F9 

F10 e^l 

GLUT_KEY_F10 

FI 1 J c tiL»It 

GLUT_KEY_F11 

F12 

GLUT_KEY_F12 

^yLouli ^LjiLci 

GLUT__KEY_LEFT 

jitil ^-uJl ^iGLa 

GLUT_KEY_UP 

^ nxnll ^A^ysJV^ mil ^tiLa 

GLUT_KEY_RIGHT 

(4£yaJi) ^jaill ^-Ijiua 

GLUT_KEY_DOWN 

PageUp (jJc-V djla^all JLsijl 

GLUT_KEY„PAGE_UP 

PageDown cjI^.^' 1 Jliljl 

GLUT_KEY_PAGE_DOWR 

Home Ul^ll JlUjVI 

GLUT_KEY„HOME 

End UlgGll Jli&Vi 

GLUTJKEY_END 

Insert jyAsJ 

GLUT_KEY_INSERT 




OpenGL g-aJJ j 


Y i A 


6 . glutTimerFunc 

^Lib ajwbL* 4-wUj d-t*j ^JJL C^3ji e-lpJjU*! i Jl& 

.ob 


:^.Sfl UA (UJl J^J! 

void glutTimerFunc(unsigned int msecs,void (*func)(int value),value); 

cJjil s-Uo^i JJ sjIj ( _ s iAL; «jiaJl : msecs 

oijii j.Lpjcu-1 5jL^>j : func 


oijil flpjju-i Ji jji pij : value 

j^Ui ju djUj 

RGBA )a£ J-. > -a.> . DjiJi cfj^ j RGBA OSjJ'yi ( _ S W OpenGL p&ij 




1. glutSetColor 

0^li! 4^2JujJ lJl& -U*4 

:^N/i loi fl*Jl JSCiJt 

void glutSetColor(int cell,GLfloat red,GLfloat green,GLfloat blue); 

.( jut* piJl Lu> ) 0jlil j : cell 

.(1.0 J 0.0 on JUI ) yAfl Ojiil 3iliT : red 

.(1.0 j 0.0 uy iM') jjij' 4*1^ : green 

.(1.0 j 0.0 cry ) <3jjV' ojUl 43 ^ : blue 

2. glutGetColor 

bjh ^jp ij* tijj’yt J j 0jiSl 

. J^s-i Cr° 3jJ 4 J 2 J js 1 |j-»-4s 

:^.Vl tii fUJ) JSCiJ! 

GLfloat glutGetColor(int cell,int component); 

• ( j*-* 9 JL I*Lj ) d jlil 4-1^- (_/*j»Jj I cell 


. GLUT_BLUE jl GLUT_GREEN jt GLUT_RED pJtfl u-^l : component 



GLUT kfiLdl: £ Jsdoll 


til 


3. glutCopyColormap 

■ (JU-I jlia'yi J,l jlUl ^ AJjJaill jjJil aJsj j>- 

: jA\ IJlA r UJ\ JSGJl 

void glutCopyColormap(int win); 

,AA*« 2 ; aU:ll (j^JJl aUj ■siA jlWl : win 

^Jl Stroks '.J&j)d-\ l y a 0 )&y OpsnGL j^-p-at 
Bitmap a A^ -II j j . /g it Ja^iap- j .linss apj^s^ jAaa J5”” 

■ A- 4j„A ) «JJ^5 J^p SjLp JAj d ^jl 

1 . glutBitmapCharacter 

■ OpSnGL A.jgtfi y»j j^'yi IT* JS-/ 2 i 

\jH\ IJlA r uil JSGJi 

void glutBitmapCharactsr(void *font,int charactsr); 

*4 iljii aJ^aJI Ja^- : font 


. <Ul. 


.( oliU 8 tj* j^LL y ) *iljil jaJI: charactsr 


7Lli\ JjjJr! /_j AA;wa i-i-A Ajg.ailjj Aj-lll) Jsjjaji-1 



JaaJ 

. 8xl3pixel 

GLUT_BITMAP_8_BY_13 

a jl*jl (JjIaluL^ £jJa jJJ diAj ^ua^AJ Jak 

,9xl5pixel 

GLUT_B I TMAP_9_B Y_15 

Aiij io Times Roman 

GLUT_BITMAP_TIMES_ROMAN_l0 

.Aiij 24 Times Roman 

GLUT_BITMAP_TIMES_ROMAN_24 

Aiii io Helvetica 

GLUT_BITMAP_HELVETICA_10 

<LSj 12 Helvetica 

GLUT_BITMAP_HELVETICA_12 

. <kl> 18 jO*aj Helvetica 

GLUT_BITMAP_HELVETICA_18 


2 . glutBitmap Width 


.A.jg?) Jaj ^P jaVI ITa -L*j 

:yyi >*U »U3l JSCjJi 




OpenGL 


Xo. 


int glutBitmap Width(GLUTbitmapFont font/mt character); 

A.\f g;tl J 2 j>- font 

.( oUl^ 8 y*k ^ y> SiU-l it J.\ y)\ : character 

3. glutStrokeCharacter 

. OpenGL Strokeyj jy^i 

:S^\ !li ^L*3l JSCjuJl 

void glutStrokeCharacter(void *font,int character); 

. A^ljj>t^> l it J.\ _y~l : font 

.( oUU 8 Js- j^k 'i ) «juvaJ it Jd y)\ : character 


(JjJjA-I <3 4^-lxit kjkk\ 


r-P 5 ' 

kiJb 

32 t> ts^Vt jjAjl il*jU Roman Simplex 

Jatj t ‘s^j 119.05 4* >jU J 6 '- 127 

. »i»-j 33.33 jti^jt 

GLUT_STROKE_ROMAN 

32 t> J>ajJ j iU jL Roman Simplex 

Jaij r-^J 119.05 t* >jU g4£J iM 127 
. 104.76 J*j J£ u^J 0 - 33.33 jl-^J 

GLUT_S TROKE_MON 0_ROMAN 


4. glutStrokeWidth 


.Strokeyj J?j* y V' t-i* 


int glutStroke Width(GLUTstrokeFont font,int character); 

Stroke kit- : font 


.( oUU 8 ^ Ip y SiUt itJkt j^il : character 

^UuuJU^JI tidJI ftuj 

^ i ,at j^svs- j.LJ _/*tjt GLUT 4*s^it / j<► 

4-^wUisi jJ Mj AUX 

AUX 4-aiS^I j-v^Lip >1aj L^>»^!l 



GLUT jr JaUt 


Y o) 


1. glutSolidSphere,glutWireSphere 

^glp 4^i~" SjS'” _J 4 ^S"” jljA*^l jl«XA 

•tjijjsii J^iiJl 

void glutSolidSphere(GLdouble radius,GLint slices,GLint stacks); 
void glutWireSphere(GLdouble radius, GLint slices,GLint stacks); 

a Jl\ Jsl : radius 
• ( <uJuj ^ l) j>- O'JwLp ; sliCGS 

.(<_/?^jJl _yljj <u^j) z Jji? ^gip oL-~~«il ajip : stacks 

2. glutSolidCube,glutWireCube 

. ^I^il ^jip j ■ji—^jl jiiA 

j-*VI ^jjii ^»UJl J^LiJl 

void glutSolidCube(GLdouble size); 
void glutWireCube(GLdouble size); 

J: size 

3. glutSolidCone,glutWireCone 

J X!— ■■ a J s jli-A ji 
•iji^“Xi ^l*Jl 

void glutSolidCone(GLdouble base,GLdouble height, 

GLint si ices, GLint stacks); 

void glutWireCone(GLdouble base,GLdouble height, 

GLint slices, GLint stacks); 

.la SapU Jsi i_jL ¥ 2 j : base 
.is^U;jl : height 
.( Jjkil isjjasi ) Z Jj»s- ajlp : slices 

.( JjJai! ^ yii yiji vx°‘) Z Jjl» ^ iop : stacks 

4. glutSolidTorus,glutWireTorus 

jl)l 4 -XLu j 4jlls jljlJLA ^ji 

•jrf_/*VI (ji*xi J^iiJl 



OpenGL JJj 


yoy 


void g!utSolidTorus(GLdouble innerRadius, 

GLdouble outerRadius,GLint nsides f GLint rings); 
void giutWireTorus(GLdouble innerRadius, 

GLdouble outerRadius,GLint nsides,GLint rings); 

. »jlkli ^ULUl : innerRadius 

. a jlkii ^jd ~i jajb\ : outerRadius 


.iS : nsides 


.5jlkii oU-^Jiil i-ip : rings 

5. glutSolidDodecahedron,glutWireDodecahedron 

12 —> ) Dodecahedron _ r ^*il jljkyi jl-u ^ y 


. Js. 1 ~ ■ ‘i ^ A ^ ^ I? " j * 1 ■ 1 1 

y^i ^ y i 


void glutSolidDodecahedron(void); 
void giutWireDodecahedron(void); 


6. glutSolidOctahedron,glutWireOctahedron 

<~j' j* 8 —; ) Octahedron ^-uAl j-^*il jlji.u ^ y 

. ^ ^ ^ a ^ ^ ^ k"* a 

j»l*il JSkiJl 

void glutSoiidOctahedron(void); 
void glutWireOctahedron(void); 


7. glutSolidTetrahedron,glutWireTetrahedron 

4 —> ) Tetrahedron ^J-kl _ r ^x*Ji jl j^i jlk* y* y 


.Jijjl yk-j i **. a j ^ ^ ^ ^ k" * j 

:ji^1 jekA fUJt J^kl 


void glutSolidTetrahedron(void); 
void glutWireTetrahedron(void); 



GLUT AjjUI: £ JaUI 


Yor 


8. glutSolidIcosahedron,glutWireIcosahedron 

i_JUr 20 —> ) Icosahedron .-—uAI j!Oil* ^jj 

* d -.*** (2 # ^ ^ |?7 . ^ 

’llrfy 1 ^' 

void glutSolidIcosahedron(void); 
void glutWireIcosahedron(void); 


9. glutSolidTeapot,glutWireTeapot 

■iji 

i/o/'O glutSolidTeapot(GLdouble size); 
void glutWireTeapot(GLdouble size); 

Jij^y ( jkz Ji oA^aJ ) j^J! s/ze 





(twjj 1 4oism d&b >«<ji j^ui ^tUi ij^ 

. A&W j) -IxJ! 4>UMj ^JUtfaU A Jiltfj^ 

: iilj 

Sphere SjS J 
Cube u*SU _Y 




rowsijlla J. 
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Sphere.S 

:S/" *LSJl ySl *UJl JSCsJl 

voidauxWireSphere(Gldouble radius); 
void auxSoiidSphere(GLdoubie radius); 

• 8^S"" jt-x»^li)! ^ lSjV- 

. radius La Jsl Ja*a> Jl 5 _f 

JUbuf 

radius=15 la Ja£ Juej 3^L> a S ■ 

auxWireSphere( 15); 

radius=15 la Je& ua-Ai 5 S ■ 

auxSolidSphere( 15); 
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Cubeuafa .1 

♦ 

r^^SC. *.LAJ1 jti ^UJl jS^iJl 

voidauxWireCube(Gldouble size); 
void auxSolidCube(GLdouble size); 

L*l L r ~»^> J> JjSH 

Jl jbi ) size ^UaJ 1 Jjis JbJbi Jl 

. ( 3jjLv«X^ 

a^f 



size—20 4*U? Jji? ■ 

auxWireCube(20); 

size=20 4*tU? J jl? ■ 

auxSoiidCube(20); 
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Box uMaULik ^jt>u .Y 

s-Liol ^l*Jl ( J5C^Jl 

void auxWireBox(GLdouble width, GLdoubie height, GLdouble 
depth); 

void auxSolidBox(GLdouble width, GLdouble height, GLdouble 
depth); 

j^jJ! j height j width JpAjjJ- Jl ^J . c~*-v 2 » 

. 1 depth 

ak.f 



height=50 APliSjlj width =30 <u?/ j»—<j ■ 

depth=20 aJL**j 

auxWireBox(30,50,20); 

height=50 Width =30 S- ■ 

depth=20 ajUzj 
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Torus's.t 

lajli? ^LiJ] yV J>LiJl 

void auxWireTorus(GLdouble innerRadius, GLdouble 
outerRadius); 

void auxSolidTorus(GLdouble innerRadius, GLdouble outerRadius); 

. 4? A A $ J li» jliJl yty L.t liX- SjUs JjVl yVl 

innerRadius ( 5jU^l JaS ) ajUail ^ jl SjU* ^J 


outerRadius («jUaJl oV 


jO 1 Lr*) 



cA^aij innerRadius=3 IgsTlr* ui^aj iXL) 3jU? 

outerRadius=13 Ia jia3 

auxWireTorus(3,13); 

UL*aij innerRadius=3 jlai 5jU? 

outerRadius=13 U 

auxSolidTorus(3,13); 
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Icosahedron yvJujii >auJI A 

3 12 _ /y aiP) Icosahedron t^\ yV ^USi j£aJ) 

4jUio] 

void auxWireIcosahedron(GLdouble radius); 
void auxSolidIcosahedron(GLdoubie radius); 

!*—'^ jltll yVl t.f Icosahedron ^J JjS/t yVl 

UJaS iju^sJ -ua^ J] Icosahedron ^ J jr Icosahedron 

.radius 

radius=20 «jki Icosahedron p~*j • 

auxWireIcosahedron(20); 

radius=20 « Ja$ dtueu c^A»Icosahedron • 

auxSoiidlcosahedron(20); 
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Octahedron .V 

4^r^i 4 -oL^ -LoJju ^y-u* j^s- ) Octahedron yV ^l*il jS^aJi 

^^ 4jU^u^ 

void auxWireOctahedron(GLdouble radius); 
void auxSolidOctahedron(GLdouble radius); 

I*-J y^' Octahedron ^J JjV' yS/1 

. radius Jt Octahedron ^Octahedron 

su&.t 

radius=20 ajiai <ji-y Octahedron • 

a ux Wire Octah edron (20); 

radius=20 a uuti c-a - oa Octahedron • 

auxSolidOctahedron(20); 
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Tetrahedron jiaoil .A 

j 4*jjl j^)Tetrahedron J5CiJ! 

; (AjLiJl 

void auxWireTetrahedron(GLdouble radius); 
void auxSolidTetrahedron(GLdouble radius); 

l*—J jliJl ySfl uf ^Tetrahedron ^J JjVl jAl 

. radius «Jai .Jua; J) Tetrahedron ^J . c^^Tetrahedron 

iisJ 

radius=20 «wi-Ai ^/^Tetrahedron • 

auxWireTetrahedron(20); 

radius=20 ajial uuaj £~*- 2 *Tetrahedron >j • 

auxSolidTetrahedron(20); 
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Dodecahedron igUiAitfS .9 

3 ts-rj 20 Dodecahedron ^ ^ UJl JiUJi 

AjLiJl 

void auxWireDodecahedron(GLdouble radius); 
void auxSoiidDodecahedron(GLdouble radius); 

^J jlill ySfl U L. Dodecahedron ^J J 

4JaS (JlvsJ ajjbi Ji Dodecahedron Dodecahedron 



radius=20 «_^aS Ji*aj Dodecahedron • 

a ux WireDodecahedron (20); 

radius-20 a^ Dodecahedron • 

a uxSolidDodecahedron (20); 
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Coneh^Mk. \♦ 

;J? jJ£- yT) ^t*Jl 

void auxWireCone(GLdouble radius, GLdouble height); 
void auxSoiidCone(GLdoubie radius, GLdouble height); 

Js> jJ£- ^li)l jj*- J ^Jjsw»o 

. height j radius »opU!i )si -boi- Ji ^ 

aiiol 



radius-15 4J-iPli ^kS L i • /?> 

height=35 

auxWireCone( 15,35); 

APliJjlj radius=16 tiJs-ti ^Jal i^jupj c-wt» 

height=35 

auxSoiidCone( 16,35); 
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TeaPotS^ .)\ 

void auxWireTeapot(GLdouble size); 
void auxSolidTeapot(GLdouble size); 

ijijil ^ l»l JjS 1 ! 

. size S-ipUJI Jsi G»^sj Ju jJ- Ji ijls> jjy) J " C -~^ AA 

Ak«f 

size=15 Jai Juoj ^JL L> ^LS» j*jjl • 

auxWireTeapot(15); 

size=15 tf-lf-li jial uuei c ~*«a> ijlit J*jjj • 
auxSolidTeapot( 15); 
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OpenGL Programming Guide (The Red Book) . 
OpenGL Reference Manual. 


ujjuVl yay 


www.opengl.org 
www. gamedev. net 

www. mevis. de/~uwe/opengl/opengl. html 
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